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é og th® past twenty years have -seen ‘subatareiai oan 
- ments.of money and persorfei to- ‘changing’ American public 
- schools. Major innovations supported b . public agencies , 

and private foundations,‘ as wellv as legislative and judi-* 
cial bodies, ‘include team teaching, individualized in- ..; 
struction,’ curricular reform in science and mathematics, 

~~" racial desegregation, and. educational mainstreaming of 

s 4 children with ates needs, er er * 


ke: " -schools exhibit strong tendencies toward stability in 
: the ‘lorig-term. ‘The purpose of the reported research was’ 
. OC. : to understand the ‘fundamental dynamics’ of stability cand 


. ¥ Based upon a review of the 14 térature on educational" 

e change, five major factors were identified which impact” 
“upon and interact with innovation. These factors include - 
leadership effectiveness, extérnal funds, external Linkage," 

_ conflict, afd support for innovation. Support for. innova-"_ 

a tion is a function ofthe relationship: between. the level , 

ive" 5 Of innovation and jeader,. professional and communi ty” norms. 

% 7 i red 


A computer model was ‘constructed which expressed , 
_ Mathematically the relationships among. these. factors which 


° ° account for the change Behavior of school. systems over time. 


a Computer runs bug Sodas the ‘ability of the model to re- 
a roduce the ebb ahd flow of innovation in“ school districts 
ver:.time, both where stability of community norms is as- 
sumed and, where the community is’ sgen in a state of tran- 
sition. we a are 
a - Syne model was used to evaluate the effects of several - 
kin of policies designed to effect innovation, and to - 
- anderstand the system se ae which produce. thesé effects. 
4 ie 
ee conclusions emerged from the study: 


a- 


. Jd. There seem to be a small number of ‘fundamental 
or * elements which are  Structurall ‘interconnected, 
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The results of these reform efforts suggest that — ee 


_change, in pubic school ‘systems. a) aon , ee 


‘ 


hools which ‘aecount for °< - 
‘the basic stab: lity of schools. aa the’ face 
OF. efforts to, nnovate; 


‘ * ° 
« joe 


26 Incremental: dpproaches. to innovation seem. 

a to produce ‘stiperior long-term effects in ” aia 
gh comparison to dramatic attempts. tq bring 
woe oe ab ut change. quickly: ots . | : 


_ ground: ee 


=7. Policies which seek to -promote networking 7 
or ae school people seem. to produce more - 
Sitive ‘impact “upqri innovation than poli-- 
Cies based. upon funding,, alone. 


” 23 


The study is important ‘both ime thodologically and - 


a 


_ substantively, — Methodologically, it illystrates. a per- 2 


.spective which représents a: significant alternative to 
traditional regresgian. techniques © for hypottesis * testing 


and sein por a application of. an impor tant; management 


science: todl Por theory. dévelopment and policy analysis. 


\Substantively, the: results.Jend stpport- ‘to. ‘the current 


policy thrust of the. Nation 11“ Institute. of Education in 
gupport of, networking... They also. highlight the “counter- 
‘Intuitive effects of overzeaious efforts ‘toward reform 
‘in producing system instability, high levels. of conflict, 
and little long-term innovation.’ Finally, this approach - 


typlante provides understandings. of the dynamics of 
sy 


temic interaction which produce. ‘these ad ee 
ects. - : .. 
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TOWARD A STRUCTURAL THEORY 
NS a a 2. 


OF INNOVATION IN PUBLIC SCHOOLS 


-By Alan K.. Gaynor 
Boston University 


a 


. . INTRODUCTION 

Despite substantial and’well-publicized efforts to 
“effect change in the public schools; the schools-have .. 
been found by. observers to be not very different over 
long periods of time. Based upon’an empirical study. of 
a large number of schools which were reputed to be espe- 
cially innovative, two researchers suggested recently - 
that claims of innovation were typically exaggerated. 


.. A very subjective, but nonetheless general - 
impression of those who+yathered and those who 
' wttdied tHe data was that some of the highly 
recommended and publicized innovations of the | 
past decade or so were’ dimly conceived. and at °° 
» “best, ° tially implemented in the schools , 
claiming’ them. The novel features seemed to 
be’ blunted in the effort to twist the innovation 
into familiar conceptual frames or established 
patterns of schooling. For example team teach- 
‘ ing, more often than not was some pattern of 
_ < depa@tmentalization and nongrading looked to be 
' . a form of homogeneous grouping. Similarly the 
new content of curriculum projects tended to be 
conveyed with the baggage of traditional tech- = -* 
nology. (Goodlad and Klein, 1974, '‘p. 72) a 


The dynamic descrabed by: Goodlad \and Klein is essen- 
tially that captured by the concept of mutual adaptation 


oe * a oe 
° a. : id 
va le z i pe oo” 


~~. 


% 


bon on . : 
(Greenwood, et.al., 1975); and: reemphasizes the signifi- 
ae _ cance in school districts of ‘existing regularities : 
: (Sarason, 1971}. It is #portant to recognize that, ~ 
, for every school, an innoydtton represents g departure, 
to one extent or another, -from current norms. These 
current norms tepresent points of departure against 
which to gauge the exteht of innovation; they also con- 
‘stitute sources of -préssure from which forces emanate 
seeking a return to more ‘traditional practices. The 
further and faster a school moves away from existing 
“norms, the stronger and more persistent the counter+ 
forces of reaction, at least within some reasonable 
“time frame. - a. 2 _ aS 
oa o a ks ; . 
It was the purpose of the study herein reported to. 
describe the fundamental forces of ‘change and stability 
in public school systems, @ construct a working model 
.¢ of these forces, and to assess dynamically the impact 
a . . Of historic policies intended to bring about change in -- ; 
_ : the puklic schools. . ™ 


ry 
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* HE PROBLEM: — . 


There are no firm data which describe over time the 
, «innovative behavior of public school systems. Statistical 
7 reports aré available which describe the growth in this 
‘9 cent ef public schools in terms of numbers of students, 
° numbers of teachers, revenues, expanditures, etc. There - 
‘ ,ware available, however, -no trend ddta which depict the -° 
‘institutioralization and de-institutionalization of signi-. 
ficant innovations such as in@ividualization of instruction, 
as . , team teaching, and major shifts in the content and method- 
an ; ology of instruction. It is known that reports “on the 
_ implementation and evaluation of innovations are signifi- 
_,cantly error-prone (Goodlad and Klein, 1974; Charters and 
- Jones, 1975) ,and that data on the diffusion.of innovations 
in public schools are impressionistic ‘at best. - Data on 
implementation are poor;—those on discontinuation are ‘ 


almost non-existent. mo = 
F » : : ° N - < - a 1a 

a As a result of th ata deficiencies with respect, to”' ; 

the implementation and discontinuation af educational inno- 

vations, not only can-‘no clear explanations be made, but \. 

no firm interpretations can be put forth about the nature 

of the problem, itself. For example, Goodlad and Klein 

- suggest a historical reference mode of behavtor which de-: 
: picts schools as fundamentally non-innovatiyve (Fig. 1). 


& 


‘ , - One conclusion stands out clearly: Many : - 
of the changes we have believed to be takéng | 
. - . , ; o : 4 “¢ , 
Be . ; : 
- 1 Pe 
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place in schooling havé not been getting 
_ into the classrodom; charnges-widely recom- 
: ed for the schools over the past 15 


‘-< yeafs were blunted on.the classroom Goor: ~~ 
: (Emphasis added) (Goodlad and Klein, 1974) ., 
bs ‘ . 7 a 
“LEVEL P eS 
OF « a 
INNOVATION . 
Fig. 1. Reference Behavior Mode? Schools -as Non-Innovative Over Time. 
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Case studies (Weiser, 1976; Wolcott, 1977), as well 
as common experiences,. suggest, however, that the depic- 
. tion of public schools as statically non-innovative may 
represent neither a valid nor a useful problem perspec- 
tive.. Over the past two decades, a great’ deal of money, 
from Federal, ‘state, local and foundation sources, has 
been put into changing schoolS. Large numbers of com- 
mitted and talented individuals have devoted time and 
energy to the busimess of school reform. Whole agencies ° 
and educational collaboratives of one kind and another 
have worked tuward the invention, development, diffusion,: 
adoption, implementation, evaluation and institutional- 
ization of educational innovations. Much of the, educa- 
tional leadership of many decades, from Dewey and Counts. 
te Trump and Goodlad, has been harnessed in the-service . 
of.school reform. It is inconceivable that these efforts 


. have been without even memporery effect. 


. The probilen upon which the Heported research focused 
was presented from a perspective substantially different 
from that represented by the statically non-innovative |: 


Sr 
bie 


“@ 


: 7 2-H 8 Mee Sa a be 
perspective. “Public schools from the’ dynamic perspective =: 
are perceived as being both changing and unchanging, as-. 
implementing .arid discontinuing innovative practices over 
time. . ‘ : be 


a . : ; < % : 3 . = - , 2 e 
According\ to this perspective, innovations and,dis- : 

tinuations are occurring in public schools simultane+ \ ae 
Sly at all times. Innovations. and discontinuations * 


occur in relation to the prevailing seine leaders, 


. professional staff, and citizens. -During ‘some periods 


within, let us say, a fifty year time frame, 6ne or the 
other, ingovation or discontinuation, will be in the 
‘ascendance. At each point in time, both behaviors will 

be occurring. .: Regardless of which is then meemuinln Y 

there will always|be forces.operating to return thé edu- 
cational program to a state more consistent with prevailing 
norms, and the. system will tend to oscillate with respect 
to innovation around these norms. Leader, professional, 
and community norms: are seen to be affected by each other’ 
and by innovations,but only slowly over time. This dyy 


, Mamic perspective of change in public schools (Fig. 2) 


; ae : 5 .y 
stands in contrast to the statically non-innovative per- | 
spective. ‘ , : : 


AS 


_— 


Both perspectiyes accouht for the data which. suggest 
that schools don't ¢hange much over long periods of time. 
The two perspectives are different,. though, with respect 

“to, their perceptions of the behaviordl paths and ‘of the 
dynamics which give rise to system behavior. c 4 


Prevailing 
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tnnovation 
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- TIME - 
Fig. 2. Reference Behavibr Mode: Dynamic Perspective gf Change 
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Given dhe assumption of - éhe dynes perspective, -the, 
first-research’ task became that of explaining the réfier—" 


-ence behavior associated with that assumption. This “ 


necessitated. the depiction of a structure which’ was log- 


- igally defensible to persons. ‘familiar with public schools. 


and with sabolash le ge ‘activity in public schools and which, 
when. répresented mathematitally in a computer simulatfon - ° 


_ model, could. actually reproduce the reference behavior’ 


mode (Fig. 2). It also seemed important that the model 

be capable of reproduCing the ‘known behavior.of school — 
systems uhder conditions of transitional community norms - 
rand provide paces in the evaluation of redeyan policy 


options. oo 4 


‘ 
> 


_-<>) There have been many cases in this country of com- 


munities ing demographic-characteristics to a, signi- 
ficant ‘degree over some period of time. What typically 
occurs in-such transitional communities is that educa- 
tional norms tend to shift along with the demographics 
and, with empirically inherent delays, pressures aré 
brought to bear upon. the school system.to modify the . y 
educational program in the direction af the emergent 


“a norms (Tannaccone’& Lutz, 19707 pp. 69-233).. It seemed 


that’ any test.of the validity'of the theoretical struc- 


‘ture represented by the model should’ include an evalu- 


ation. of the model's ability to reproduce known system 
behavior in response to changing community norms. 
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Level of 7 
. Innovation 
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Fig. 3. Reference Behavior Mode: The Transitional Community. 
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' > 2G Thus, the first-order evaluation of model validity 
_, «= “was based upon two criteria: (1). The ability of the 
: model to reproduce two empirical reference behavior ~- 
bog. modes: (a)-.under conditions of stable cditmunity norms 
" and (b) under conditions of transitional community norms 
» . and (2) the perceived corsistency of:the model with the a 
experience of groups.of teachers, school administrators; 
: _educational- change agents, professors of education, and... 
system dynamicists.* Assessment of the heuristic” value 
of the model] was based: upon its, utility. in understanding 
the systematic effects of several historically relevant 
policy strategies for stimulating innovations ‘in public . 
schools. Policies examined include external funding, . 
‘+ ,; networking, and programs to enhance geadership effec- 
tiveness in education. Efforts were also made to assess 
_, the relative effects ‘of dramatic vs. incremental strate- 
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‘gies of intérvention.~. = 
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BACKGROUND TO THE MODEL rr 


e 


The thrust of aryextensive literature on ¢ducational 
.‘ Change has been to portray the force field of’educational 
innovation in strongly disaggregate form.** Variables ° 
which. impact upon thg success or failure of attempts to 
impl€ment innovations in schools have been put forth in 
‘intricate detail from several disciplinary perspectives: 
. sociology (Baldridge and Deal, 1975; Gross, et. al.,.1971; | 
Sarason, 1971), social psychology (Bennis, et. al., 1976) 
and political science (Baldridge, 1972; Iannaccone & Lutz, 
1970) documenting the complexity of edycational change. 


® 


‘ 


* System dynamicists are researthers and policy ~- 
analysts trained in the modeling perspective und. method. 
System dynamics.was originally developed. at M.I.T. by- 

- Prof. Jay W. Forrester. It has been applied for twenty 
years to- policy problems in business,’ economics, and 
other fields by system dynamicists at M.I.T., Dartmouth, 

‘and other-institutions, primarily in the United States 


: and Europe. a = 


ws 
- 


** A number of major reviews have become- available‘ 
in recent years (Fullan & Pomfret, 1977; Gaynor, 1977; 
Giacquinta, 4973;.-Havelock, et al., 1969 (b); Maguire, 


et al., 1971; Paul, 1977). 
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‘Charters & Pellegrin, 1972; Greenwood, et. al., 1975; 


‘A case study literature is also beginning to emerge. | 
Each case tends’to emphasize a different factdé® or set 
of factors in accounting for,the failure of specific 
innovations. (Baldridge & Debl, 1975, pp. 389-523; 


Gross, et, al., 1971; ‘House, -1974; Wolcott, 1977), .- 
Theoretical reviews ‘of the literature a oe ” 
et. al.,-1969) and companion guides to effective practice 
(Havelock, 197.3) reinforced for the reader a permutational 
view of edutational change. According to this .view, the 


- success or failure of an innovation {s dependent ‘upon .the 


particular mix of a seemingly .infinite number of discrete 


< factors: tradition, vaiues, leadership, perso ality, con- 


ee 


flict and conflict resolution, training, supervision, 
. politics, organizational complexity, authority relation- . 
. ships, environmental complexity, interpersonal skills, 


eae aa ae etc. . i. . 2 
a trength of the existing literature on educa- 


tional change is in the richness of the detail with which 
it ‘informs the reader's understanding of the complexities 
of the organizational change processes. This understan- . 
ding is clearly. an qecenttal one. 


The fundamental weakness of ‘the existing literature ° 


.is its inability to explain in directly comprehensible 


terms the long-term behavior. of educational systems with 
respect to innovation. The focus of the empirical work 
has been upon innovativeness in the short range, not upon 
understanding the dynamics of innovation in schools over. ° 
periods’of tinie much beyond one to five years. Most of 
the research which has been’done has focused upon discrete 
innovations (team teaching,, the catalytic teacher model, 
Project Plato, etc.) and has not sought to document 
atterns of innovation within long timé frames. In fact, 
as indicated earlier, baseline data are not available = 


“which attempt to describe the ebb and flow of innovation 


in the American public schools~ over periods af fifty years 
or more. : : 


The intent of the Public Schools Change Model is to 
re-aggregate many of the micro’variables described in 
the literature and to represent, using a relatively small 


‘number of critical variables, a dynamic theory of change 


which can account for the historic oscillations in school 
districts with respect to educational innovation. The 
attempt .is to describe. the structure (i.e. the set of 
relationships among variables) which gives rise to the 


é 


- Five factors - were ‘identifiea in the literature and ° 
in the policy actions of public and private agencies 
which are hypothesized to affect interactively on the 
level of innovation’ in a, public school district. The 
five factors’ are” Leadership Effectiveness (LE), Support 
for Innovation (SFI), ‘Conflict (CON) , External Funds 

2 a (EF) ,, and External Linkage (LINK) .” Support for’ inno- 

1g, vation is conceived of as being derived from leader, . 

professional, and community norms. The modeling task 
consisted of the identification of these factors and 
' of the specification of the structural: configuration 
' of. relationships among them- to reproduce the. two sef- 
erence behavior’ modes posited in. Figures 2 and 3. 
(Supra, pp. 4 and 5). : . = 
a . a . 


INNOVATION? DEFINITION OF THE TERM 


. ‘To. ‘this point in the discussion, the term  inno= : 
vation". “has been used in a general sense. It is,im-, 
portant, however, both for modeling purposes and for 
reader clarity, to define the concept mbre precisely. 
There comes, then, a difficult task: to: define. the 
term with heuristic precision, yet not. so narrowly 7 

that general sty of application is- ampatneo: 

In developing the model, innovation was coneeived : 
of as referring to any dimension of the educational 
program which could be conceptualized Scalarly ower 

r time. So, for example, one could conceive of "indi- 

vidualized instruction" in such a fashion; that is, 
one could conceive af the concept being operationally 
. defined so xhat it would be possible to observe and 
estimate e€ proportion of the school day, week and 
year (in terms of individual student hours of instruc- 
tion) which was indiyidyalized according to the opera- 
= as ® ) i we i ot 
pai Py : c : 
_ * The structure is degen ved in. a set of equations 
(Appendix B) using the Dynamo II prograrining language 
(Pugh, 1976). The methodology of system dynamics iis 
a described in a number of published books and,articles 
. (e. g. Alfeld and Graham, 1976; Forrester, at. al., 1976; 
: Meadows, et. al., 1974; Randers and-Ervik;'1977) and 
unpublished papers fe. g. Anderson, n.d.}? Mass & Senge, 
1976; Richmond, 1976; Richmond, 1977; Gaynor, 1977 (a), 
\ pp. 1-16). 
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we go 2 . - . 
- tional ee - Thug one could imagihe 0-100% of. 

the educational program being. individualized at any . 
7 . point in time. Following this: liné of thought, one e 
_ Could further conceive of “individualizqd instruction" 


over time, such that the level of "individualized in- a. 
- struction" oe ee several times, |» 
, . Wethin a fifty year“tIMé frame.* -- ae 


t Pine : 
fe . _ It should be evident that the focu¥ theosetically-. 
i is déeply empirical, if ideally so. ‘The theoretical 
a 4 concern ¥s to account digas (innovations) which . a 
are significantly relat o the regularities of the 
educational, function of schools. which, at least ideally, 
can be Operationally defined and empirically observed. 
5 ao . It seems to make consumate good sense to talk about 
, what has happened to the level of individualized in- 


and to seek to understand the generic structure which: 


affects the adoption, inplementation, institutionali- - 7 a 


zation, and discontinuation of, that innovation over » ws 
time. \ ; ; a. 
o woe ; : : » a 
It is critical that the definition of 93n innovation 
as "a dimension of the ‘educational program bhich can be 
conceptualized scalarly as a continuous variable over 
a 4 time" is not limited to individualized -instruction or 
- gn other nominal innovation. [It could just as easily 
2 “xefer to team teaching, racial integration, or non- 
wy _ graded instruction. The point is that. any significant 
- ‘educational innovation engages important social and 
professional values, that any such innovation is use- 
fully viewed not simply in terms of an attempt to im- 
plement a discrete package in a cross-segtional time : 
frame, but more significantly, as an at empt to alter 


a 


: * It. is recognized that considerati is not given. 
* : in this discussion to the difficult problems of mea- 
a _, surement in the empiric&al sense. The reader is asked 
4 to acknowledge that something called “individualized 
NX. instruction" could be defined and measured at least 
theoretically. Whether this can be done in practice, 
either politically or technically, is not strictly 
.° @relevant to the modeling task. In fact, the political 
A. _ processes involved and the conflict engendered in actu- 
ally defining and operationalizing such innovations are 
part of the behavioral dynamic, itself, part of the 
configuration of pressures which produces oscillation 
over time. 
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n. a school or s¢hool ‘district as ag continuous variable\ >” 


struction in, public schools during the last fifty years ’ ~~ 
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"a. functional dimensio of -the educational program, a 
basic regularity of the school (Sarason, 1971) .** 
. Viewed from the latter perspective, the process, of 


innovation is seen as a continuous one replete with — ” 
progréss and backslifing. Schools change and schoois 

* change back. .Schools . implement and’ discontinue inno- 

’ vations overy long. beniods of time. °. a ea 
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4 BASIC STRUCTURE OF THE MODEL - 
a . 
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has been an enduring belief among policymakers 
= as among student& of the innovative process 
several basic elements constitute positive cata- 
lysts' in support of ‘innofations, ‘It-has been widely 
held that three elements Tf particular are critical 

for the successful ' implementation of significant change 
in: schools. * 


. ~ | ae 


° *§ It is recognize ee that this approach to 


defining: innovation dif m that of the many re- — 
searchers who think’ of 7an.- ovation as "something 
new" to the school. hose. whoa conceive innovation 


in terms ‘of novelty have difficulty in conceptualizing 
innovation and discontinuation as continuous. ptodcesses 
over’ long periods of time. Rather, an innovation is, 
according to this, definition, short-lived. Thus, ( 
these; ‘reseagchers tend to think: of schools in terms 
-of innovativVeness,, whereas the concept employed here 
_iset at o eve of innovation. 


-~ @& ) 


- Given the hature of the problem which is under 
exploration in this paper, the use’of the latter con- 
Cept is crucial. What has been observed is that schools 
don't seem to change very much over .long periods of time... 
-Presumably, those who. report this. persistent stability ~~ 
in the face of refo are noting that certain character- 
istics or regularitie of: the school seem to remain ~~ . 
essentially consistent --To score innovativeness in a 
_scfhool ina manner “whith credits each shift to and fro 
on any.dimension as a mark of inrovativeness ehaaeer 

ha 


-Validate that score as a measure of long- term c e 
in the character of schooling., But it’is precisely ‘ 
the apparent incapacity of aie to.alter’ the char- 
acter of schooling in the long- 

- essence of the problem at hand. 
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erm which is the. 
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The first of these.elements is ternal funding. The 
provision of external funds has been the mairstay. for dec- 


oo r ades of fo afimilate in government and private foundations 
. seeking’ to 8 ulate and EaeTTAeAee change in ‘schools. 


_*. The gacdnad. ee these wlenanes is leadership ef fective- 
a _'ness.. Support for’ pré-service| and. in-service preparation 
_ * > programs for educational administration represents an on- , 
' 4 going manifestation. -ef belief in leadership as a. critical 
ae ‘element in educatibnal reform: The: Educational Professions 
T - Development Act (EPDA)’ illustrated more aeutely the policy- 
, makers' faith in the leadership compone of educational 
change during the late sixties and early SevCv eter: 
* 
. _ The third critical element is see linkage. It 
- has been widely held (Carlson, 1965; Gouldner, 1957-58) 
fa that cosmopolitan leadership (i.e.; leadership substantially 
- \ linked to external: reference groups) is more likely to be 
* influential in support of innovation. than is leadership. not 
so linked.. The current thrust” of the National Institute of 
44; Education (NIE) in support of ‘networking ‘is consistent with 
t . faith in external linkage as. an aoe catalyst of inno- 
vative behavior .in schools. ~ ; , 
u: , 
j “Built into the-model is a set of. assumptions about, the 
_ structural yelationships among external funding, leadership 
, effectiveness, external linkage,. and innovation. As depicted) 
in the: following diagram. eee 4), this structure, consistent 
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— INNOVATION 


LEADERSHIP 
EFFECTIVENESS 
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sith historic eriiey: is seen to be a en ee 6x mutu- 
ity reinforcing one. As indicated by the signed arrows, * 
iiicreases in,each of the elements. tend to generate - ‘(cause) 
+ ‘increases in.the other elements and decreases in. each of 
2 at element's tend to generate a aaa other ehementes™ ° 


- SR Pe The effect of this assembly oe positive Loops is, of. 
. -- ,Gourse, to driye innovation up, up, up or down, down, down, 
_. - “fepending$ on’ which * way things get going. Obviousl}, ths 
1 & a2 way "things, get going” at.any point in time is partly 
/ oom. . dependent Apon external - ‘{exogenous) events in the envj- 3 
4° yrontient (@.g., the economy or presidential. politics) and 


partly d pendent upon other structiral relationships 
; (other lgops) ‘in _the system. ; 


. i ‘the model’ is based upon the theoretical -asBynption 
f™ that a ‘significant part of the behavibdr of this positive 


loop ig determined hy its, structural interaction with i 
. other loops in the system. The model is also-designed 
’ i : . 
« “ \ + : . 
*o . ek ee : \ ‘ 


“e An arrow depicts the. theoretical effect of one 
variable upon dnother. This effect is portrayed: in the 
diagram under - ‘the ceteris paribus assumption (i-e., where 

a everything els@, is assumed to be equal). When, the sign 
at the’ head of the arrow is plus (+), the indicatién is ¢ 
that a change inthe f#rst variable (at the tail. gf the 
arrow) cayses'a change in the second variable (at the” 
head of the arrow)\\and that the change in the. second 3 
variable is‘in the Same direction’ as the change “in the 
‘ first variable (up o& down as the case may be). A nega~ — 
tive sign (~) at the arrowhead indicates that a- change in 
' the first variable "(up tor down) causes a change in the 
second variable in the s0site direction (down or up). 
It is important to note at a given criterion variable 
may be affected within an &ntire system by multiple causal 
variables. Thus, the actuak. behavior of the criterion a. 
variable over time cannot be ‘understood without knowing 
the causal ae gs of all of the variables in the muitiple 
7 f£&edback syst ’ This is why complex systems tend to be- 
have in countérintuitive way and.why computers. are useful 
in Hacking the | ,jarge number of muigiple . SEECCES over time. 


** Note that the arrow from: lead Ship effectiveness 
to ‘innovation is unsigned. The reason for: this' is that the 
effect of leadership effectiveness upon f novation depends 
upon the relative position. of leader norms‘gt each point in 
time: This position determines whether leaders work for or | 
against innovation. — : “ 
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to test fthe~effects upon the system*. of certain -external 
events (exogefeus inputs) which td4ke the form *Rf policy 
interventions. (é.g., systematic ch nges in external funding, 
external linkage, leadership effect\veness or implementation 
of innovative ‘practices over some pected of time). 
Operating alone: (i. e., out of corifiext with other loops 
in the system), the positive loops would tend to increase 
*the level of innovativeness in the schoo} system: given any 
incréase in-external funding, leadership’ effectiveness, or~ 
external linkage. In fact, it has been precisely in anti- 
cipation of™this "snowball effect" hat, over the years, 
policymakers interested in changing schools have put large 
amounts of money at stake, underwritten léadership training 
institutions, and supported educational collaborations of 

one kind and another.. 

-, ¢ 
It is interesting to note that in this loop the model 

‘subscribes explicitly to the assumptions underlying the 
major policy directions of the last two decades. Yet, as 

we know, the real-world behavior of school systems suggests 
- that other forces must be operating to counter the innovative 
effects of the positive loop; Otherwise, the empirical find- 
ings with respect to innovation in schools would be more san- 
‘ quine. Thus, it was imperative in the conceptualization of 
the model to represent additional, pieces of structure to 
Bceouns for the actual behavior of real world schoo? systems. 


Negative Loop I 


.. “There are two other structural subsystems which have — 
been incorporated inta the model. Both of these are assem- 
‘“blies of negative feedback loops.** They operate to provide - 


compensating responses to the driving effects of the posi- 
tive loop in order to maintain in the system a centralizing 
\ 
* a system is a set of structural relationships rep- 


resented (1) as an assembly of causal loops and (2) as a 
set of mathematical equations. 


e 


'** A negative feedback loop is a circular configuration 
of causal relationships which contains an uneven number of 
reversals (negative relationships). The effect of this con- 

dition is to, create a stabilizing structure much‘like-a ther- 
' Mostat system which constantly compensates over time with ~ 
responses which tend to prevent the system from mov.ing very 
far from some central point (e.g., the veers on a. thermo- 
stat). é 


7 ™ | 
; et ; : . ‘ 
we ge a OS Pk ” t 
% a. + ote , < 2 .” F . 
oa ri y a : : : 3, : 
= flendénéy. *: They: represent, ina technical, sense, the ;& 


a congervative dynamic in school systems, those forces Sy 
“which tend to keep edi¢ational. progtams pretty much. as 


. ae they are over: eng. periods of time.. << Se 
ft 7 : - eye) ‘ 
tatty” Ty wed The first of the two negative’ p. assemblies «an . 
_ be. called the poli al subsystem. * ht répresents in | . 
- highly aggregate form the essential Namics of the. 


political system puSEouneing schools (Ralston, 1965). 


DISCREPANCY |, 
WITH NORMS 


POLITICAL ° 
* SUPPORT ve 


Fig. 5. Negative Loop |. 
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\ ‘ 
According to. re representation, an innovation . 
represents a change in one direction or the other on 
some appropriate scale (e.g., pertent of the educational 
' program embodying that characteristic - individualized 
instruction, racial, integration, etc.) on some sighi- . 
ficant dimension of the educational program: Such a 
change constitutes in real life a discrepancy with — 
existing norms (educational values shared within the 
political constituencies of the school: teachers, lead- 
ers, citizens). As awareness of this discrepancy grows 
(time delay), latent agqtors become active and political 
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“* + The effect of this double dynamic is to return the 
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support against the innovation grows (Weiser, 1976). =. 


‘~The impact of negAtive political support is. to ‘suppress 


furthér implementation and to exacerbate backsliding 
toward old ways (discontinuation); a = 


o « _ po . 


educational pro ram to.a state consistent with prevail- 
ing educational horms.* It does this by aperating direc- 
tly ‘upon the rates of ifnplementation and discontinuation. 


However, because of the inferactive jd ae of the feed- 
back networks, indirect effects are felf upon the positive 


, loop. The effects of, the negative loops upon the positive © 


loop ‘causé the. positive loop. to drive upfard and downward, 
‘toward more or less innovation, at différent points in 
time. Since the ‘relationships among the loops tend to be 
delayed in time, compensating responses to norm discrep- 
ancies are delayed, also. The result is oscillation: over 
time with respect to innovation. a, | ; 


Negative Loop II. os 


Both the theoretical literature (Kahn, et. al., 1964; 
,Klein, 1976) and empirical case studies (Bredo, 1978; 
Levin & Simon, n.d; Wacaster, 1975; Weiser, 1976;° 
Wolcott, 1977) document.a second important negative loop 


which tends to stabilize school systems against innovation. ° 


This loop describes a feedback system around the interac- 
tive effectsyof innovation and conflict. — e : 


INNOVATION 
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DISCREPANCY 
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IMPLEMENTATION (-) 
(-) 
DISCONTINUATION 
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Fig. 6. Negative Loop It. 


a a 
- * Note that the effect of this dynamic is reaction- 


ary with respect to progressive innovations and progres 
sive with respect to reactionary. innovations. 
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~ Ennovationgs press teachers, administrators, and 


.others within the school.systemto adopt new role be- ™ 


" . 
i) 


havior’ss. These mew hehaviors often require new skills J 
(Carlson, 1965;..Gross, et. al., 1971), new. social ar- 


»/” Yangements eresccone, 700). new cognitive grienta- 
tions {Charters and Jones, 1975; Wolcott, 19/7), and 


inicreased. work Ioads with: dubious benefit/cdst impli-.- 
cations - (Wolcott, 1977)-. The result, typically, is ‘a * 
growing discrepanoy between ‘existing work ‘norms* and 
those associated withgthe innovation. . This’ discrepancy 
tends to generate con@Jict which, like political counter- 
valence, has the effect of slowing further implemen- 
tation and of intensifying the erosiom of existing’ 


> implementation (discontinuation), both of which tend 


to Yeturn the system to "normal". ; ; "4 
Thus, the conflict. loop, like the political loop, 
Operates to stabilize the system. against innovation. 
Essentially, innovation generates conflict which sup- 
resses innovation. The effects of the conflict loop 
assembly are in interaction with other Sub" sysgms of 
the model. For example, leadership effectiven@@s is 
seen as impacting upon conflict. The more effective 
leadership is, the more effective the problem-solving 
andagonflict resolution in the school system. In this 
way, a result of effective leadership is to réduce con- 
flict.** It is also true that conflict, like politics, - 


‘ 


- * @.f., the term "role expectations": Getzels, et. als; 
1968, - - 7 , 
It should be pointed out that, .conceptually, lead- 
ership is used in the model not simply as a property asso- 
ciated with an individual (e.g. the superintendent or prin- 
cipal) but as a system property. The distinction is a 
fundamental one which has strong implications for under- 
standing the dynamics of school systems. These implications 
have been- partially explored by thesystem dynamics seminar 


kk 


_in the Boston University Sehool of Education and in conver- 


sations with others who have attended presentations of the 


_-model during the spring of 1978. The thrust of this paper, 


however, is to describe the model and to report the results 
.Of policy ‘experiments using the model. Therefore, further 
discussion of leadership, its definitions and implications, | 
will be postponed to another forum.. However, it does seem 
appropriate to note that the precision associated with the 
modeling process, in the specification of structural rela- 
tionships, does tend systematically to raise significant 
oo issues with broad theoretical implicatidps. 
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— . has important effects upon the positive loop and helps 
ow to determine the extent to which, af any’ point in time, 
Ces the positive loop produces pressure for more or- less in- 
> a = ‘novation. ee ‘ ; 
Theré is an important :Variation in the dynamics of 
~ the cohElict’ loop which is unique. An important repre- ‘ 
- : “sentation in the model has to do with'the effects of con- 
i flict upon the implementation and discontinuation of inno- 
vations in the school system. ‘To this, point, the relation-. 
‘ie ship between’ conflict ‘and innovation has been destribed as 
'. uniformly negative. Increases in conflict have been por- 
trayed as consistently supressing the-rate of implementation 
2! and increasing the rate of discontinuation of innovations. . 


The suggestion of relationships among these variables: 
which are essentially linear in nature is inconsistent with 
- commonly accepted theory. Kurt Lewin's concept of "un- 
fréezing", for example, suggests that a little conflict 
; is a good thing with respect to Change. The import of 
a. Lewin's theory is that some conflict promotes the imple- 
: mentation of change, with little effect upon discontinu- 
_— , ation. This theoretical perspective has been incorporated 
into the model. It is depicted in the rate-level graphs 
. shown below. (Figs. 7. & 8). : 
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Fig. 7. Rate-Level Graph: Effect of Conflict upon Implementation. ° 
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- Note (Fig. 7) that moderate levels of conflict have ° 
ae a positive impact upon implementation and that it is only 
shigh levels of conflict which suppress implementation. 

Note, too (Fig. 8), that the rate of discontinuation is 
affected LittlAby moderate levels of conflict, but that: 

- further intensification of conflict affects the rate ‘of . 

«fiiscontinuation exponentially. * - 
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* Precise structural relationships are expressed 
throughout the model in mathematical equations which. can 
be represented visually in graphs such as these. Thus, 
the rate-level graphs shown here (Figs. 7. & 8) not only: 
depict the specific relationships discussed but also 
illustrate the system dynamics methods of depicting re- 
lationships among variables. Relationships are also dis- 
played visually in flow diagrams which are more detailed 

ae : than causal-loop diagrams, although not aS precise as the 


: i equations, tnemselves. The.flow diagrams for the Public 
_e Schools Change Model have been included in ee A... 
The equations are listed in Appendix B. 
{ 
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‘CONTROL AND EXPERIMENTAL CONDITIONS 
IN MODEL TESTING . mee 
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, - .A major advantage of using a computer \simulation 
ae ‘model .for purposes of policy analysis is th t*alter- 
oo “. native policies can be tested under conditioéns free of 
uncontrolled: variation. Once the program has been writ- 
ten and debugged, the. model describes, ina purposefully 
* parsimonious way, thdstructural relationships which are 
'. believed to give-rise to the particular behaviors oft the 
. = real world system which the: model was constructed. to éx- 
- ‘emm, . plain.” The parameters of the model can then be initial- 
' ized to’ produce what is called a state of dynamic equi- 
librium. In this state, the rates of increase and de- — 
‘ crease of each variable aré equal,* and therefore, the 
values of the variables remain constant throughout the 
run of the model (Fig..9) or until an exogenous input 
throws the. model out of equilibrium. 


; It is, of course, precisely this latter condition 
which is the experimental condition. Each policy alter-- 
native to be examined’ is formulated as an exogenous input. | 
‘Then, this input and no other is fed into the model. 
Given the structure of the model, the resulting change - 
_ in.its behavior can then be attributed uniquely to this 
»  “  * “policy input and no other cause. “ ee Ae me 

, s es * ; : : ; y 

Figure 9 displays a computer printout of the values 
of the. model over a fifty year time period.** This 
printout shows the system in a state of dynamic -equili- 


, - ee 
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* Note that. these rates are typically not zero. In 
&'state of dynamic equilibrium, it is not that nothing’ is 
happening but rather that inputs and outputs throughout 

» the model are evenly balanced. '. The result is a set of . 
‘ values of the variables in the model which do not change 
-over time. (See Fig. 9) , - = 


** The,time period has bedn set arbitrarily at 
1970-2020. -: Piss Ge 
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_ brium:* th@Bquilibyium gondition constitutes’ a starting 
- point for each subsequent. policy test. It constitutes 
. what, in exper smentat design, is called the ROnELOL con- 
dition. Pe : enters 


‘ : — 
' | THE VARIABLE SCALES 
a “8% The scales are in units of 0- 100, except for, the 
External Funds Scale, which is in‘ units of 0-1000, and 
_. the Support for Innovation Scale which, conceptually, can _ 
++  ° be negative as well as positive. - The SFI scale is in’. 
- . units af -100 to +100... Since the model, is intended to 
; examine the relative behavior of the system over time, 
_units do not attempt to reflect actual real world values. 


Howevem there are relationships among these units ‘which 
we central _to the model. 


“The. External Funds (f) Scale is more “than large 
enough to handle the actual outcomes of any of the test 
runs. EF canoe - logically. be less than zero. 

4 External binkaye {¥) 5 Leadership Effectiveness (E), 
ak Conflict (Z) represent variables which, also, cannot 
a Ifecaity take on values lower than. zero. Each is. scaled 

, ae the modél to a top value of 100 which represents, in an 
abstract way, the highest amount of linkage, effectiveness 
or conflict'which is conceivable in the real world. ns 
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ey Support for: Tadoeation (S) includes, poneepeuatict| 


7 . , ~ 
Ce 


F fay ’ 3 ° , a Loe 
ae ...* The,symbols read as - follows: ok a 


Level dot Innovation - (LOT) : 
Progressivism of Professional Norms (PPN), 
‘Progressivism of Leader: Norms. (PLN) 
Progressivism of Community Norms. KPCN) 
External Funding (EF) . 

External Linkage (LINK) 

Leadership Effectiveness (LE) 

Conflict (CON) 

Support for Thnovation (SFI) 


ede ae ee 
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Note -that when two or mote variables should be 
. printed out at the same point'on: the graph, the computer: 
prints only one. of them and indicates at the right the 
other variables which occupy the same point. For example, 
in Figuré 9, P, L, C, Y and E occupy the same position on 

“the graph as xX. 7 
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both mupeort for and opposition to cade nae Therefore, 
the’ scale includes a negative as well as @& positive side. 
The concept of limits.is similar here to that-discussed in 


the preceding paragraph-except that it applies £0 both the 
Pie and lower ends of the scale.* - 


2 ws 7 _ ‘Perhaps mest central to the model, ‘are the relation- 
=. joes. among four scales: Level of Innovation (X), Progres- 
rae  sivism of Préfessional Norms (P), Progressivism of Leader 
oa “Norms (L), and Progressivism of Community Norms (C). The 
: _ dynamic that drives the level-of Support for Innovation (S) 
‘ is tied to discrepancies among LOI (xX), PPN ), PLN (L), 
ae and PCN, (C)., Therefore, these variables mugt be calculated 
- _ ain precisely the same units (so that in figuring the dis- 


crepanes es)": the Compares, is not subtracting "apples and 
oranges") .¢ a 


et 


‘The anit which is used is one which was alluded to 
_ briefly in-an earlier section of the paper (supra p. 14) 
“An innovation is conceived of.as comprising a certain 
‘portion of the educational program (0-100%). Thus, the 
«'. level of innovation (X) is scaled from 0-100. Norms are - 
- conceived of as educational values which are shared, re- 
'. spectively, ‘among teachers, leaders and citizens. These 
. educational values are directed toward innovations, which 
“. are perceived by members of these groups as more or less 
’ consistent with their values. Thus, with respect to any: 
given innoyation (e.g., individualized instruction, team 
teaching, or racial integration), each group's-norms are 
‘conceived of in terms of that portion of the educational 
rogram (0-100%) which that group, on the av average, _ 
esirous of having devoted to that innovation. Thu » both 
a ‘the level of ifnov ion and the norms with respect to; ‘the 
level of snnovat ai are measured on the same scale. (oF) 0) 
and in‘the. same u s (percent or the educational progy ram 
devoted to or ‘desired to’ be devoted to the innovation)# 
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* The top value represents, simply, an upper limit 
in each case beyond which there are no either feasible 
-or imaginable values in the real world. In the model, 
further increases: ‘epproaching these Yimits become infi- 
nitely difficult. i These limits are intended to represent 
d real world forces operating to sustain some limif¢s, at 
© least if the system is to remain intact. The construct . 
of limits raises difficult issues, many of which remain | 


; unresolved. Since these issues relate mainly to extreme 


’ cases in the real world, te limit variables have been 
, xetained in the present model for purposes of simplicity. 
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VALIDITY TESTS OF THE MODEL 


Face Validity . ke 


%, des . 

The. face wali vity of the model is ultimately a matter 
of decision for each reader.: However, the model has been 
presented to a number of groups with different’ perspectives 


.;,0n educational change and on the modeling process. These 
groups include the following: (1) educational researchers 


at the 1977 annual meeting of the Northeastern Educational 
Research Association (preliminary model), (2) teachers and 
building administrators at a principals' workshop in Beth- 
lehem, Pennsylvania, (3) teachers and administrators in 
the Wayland, Massachusetts school system, (4) students in 
System Dynamics and Educational Organizational Analysis 
at Bostan University, (5) staff members of the Institute 
for pen wearer Education at Boston University, (6) staff 


e 


- members of the Wisconsin Research and Development Center 
» for Individualized Instruction, and (7) advanced doctoral . 


students in System Dynamics at the Sloan School of the 


‘Massachusetts Institute of Technology. Results from the . 


discussions following these presentations suggest that 


‘there are important conceptual issues which the model 


raises and which are as yet not fully resolved, espe- 
cially around such constructs as leadership and limits 
(c.f., Supra, pp. 16°and 22). They also suggest 
general satisfaction with the model structure and with 
the theory of stability and change which that structure 
represents. Positive reactions have been exEEeS See by 
both educators and system dynamicists. 


Empirical validity . 


The face validity data are encouraging but distinctly 


' impressionistic. ‘The critical test at this point in time 


is the ability of the model to reproduce the reference, 
behavior modes shown in Figures 2 and 3. The results of 
these tests are ee roe ae ae Figures 10 and ll. 
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REPRODUCING HISTORICAL BEHAVIOR UNDER CONDITIONS aa STABLE 
COMMUNITY NORMS. - 


In order to evaluate the behavior, of the model under 


' something approximating normal conditions over a long 


period of time, the model was put in a condition of dyna- 
mic equilibrium arid then subjected to slightly correlated, 
mainly random changes in all of the-model var Lables within. 
a fifty year time frame (shown in the printou€® as 1970-2020) 
(Fig. 10). : 
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ERIC 7 Fig. 10. Computer Run: Pink Noise with Stable Community Norms. 
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". , The -eXogenous input representing the test condition ° 


is.known as “pink ‘noise." It was. intended to represent 


_ in the simulated run the effects over time of normal 


environmental noise oh the school system. All scales 


‘are as described earlier except the level of innovation 


scale (X), this was modified (0-15) to make clearer the 


‘pattern of behavior where the range of oscillation was 


less than five percent on a scale of one hundred.. 


it is the pattern which has been depicted in the 


" reference mode; therefore, it is the, pattern which must 


be evaluated for fit. The model does reproduce the 


_ oscillations noted historically in the real world be- 
havior of public school systems with respect to inno= 


vation. Sat ; ; 
7 ’ . 


REPRODUCING HISTORICAL BEHAVIOR UNDER CONDITIONS OF 
TRANSITIONAL COMMUNITY NORMS a ae 


Once it was established that the model would re- 


produce historically known behavior in the real worfa 


under conditions of stable community norms (i.e., no 


exogenous change in community norms), it was necessary. 
“to test further the ability of the model to reproduce 


historically known behavior in the real world under 
conditions of changing community norms (c.f., Fig. 3 
Supra, p. 5). The results of this test are displayed 
in Figure: 1l.. . . a 


‘$n this run, only pink noise conditions are ‘oper- 
ative until 1975, at which point community norms (C) 
begin to rise gradually from an initial value. of ten to 
a new value of thirty. As expected, the level 6f inno- - 
vation (X) lags, then rises’ also to levels. consistent 
with the emergent community norms. It is interesting 
to note, also,, that during the period of transition, 
conflict levels (Z) are elevated until the system re- 
establishes itself in oscilldtion around the new norms 
and *that professional (P) and leader (L) norms rise, 
too, to levels consistent with changing community values. 
The dynamics of the’ school system seem essentially con- 


‘sistent with:the reference modes (Fig. 3) and with em- 


pirical events in transitional communities (Iannaccone 


& Lutz, 1970, pp. 69-233).- 


POLICY ANALYSES . 


Effects of External Funding : 
a upon the 


Two tests were run to examine the imp 
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Fig. ll. Computer Run: Pink Noise with Changing Community Norms. 
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school system of external funding as a policy interven- 
.  ° tion in support of innovation. The tests were identical 
o in that each consisted of an exogenous increase.in ex- — 
: _ ternal funding for a five year period (1975-1980). In 
the second test, however, the rate of increase was double 
that in the first ‘test. The results of these tepfts are 
displayed in Pigures 12 and 13. = ; ‘ , 
One conclusion that can be drawn from this experi- 
ment is that most of the effect upon innovation in pub- 
lic school systems of short-term external funds is short- 
‘term. The system tends to return the level of innovation = 
toward initial levels in the long run. A second conclu- 
gion that can be drawn is that sigf@€icantly larger amounts 
of external funding do have'an incremental effect beyond . 
. those produced by smaller amounts of funding both in the 
short- and long-term. By and large, however, the system 
compensates effectively to minimize the marginal effects 


of external funding alone. be 
<a . Effects of External Linkage | 
_ ey Two tests were run to examine the effects upon sys- 


tem behavior of policies designed to increase external 
linkage.* The results of these tests are displayed in 
Figures 14 and 15. . 

The long-run effectiveness of external linkage (Y) 
is supported by the unfettered dynamics of the model “> 
during the fifty-year time frame of the first run (Figs 14). 
Short-term exogenous increases in linkage (1975-1980), . 
through the internal structure of the model, itself, if 

_ temporary, increases in external funding, and lasting ae 
increments in leadership effectiveness, norms, and inno-. 
vation,..as well as linkage, itself. Elevations in levels . 
of conflict remain in the functional range and contribute 

_ to innovative activity. 

» 


4 . 


Pe * The concept of external linkage in the model is 
: substantially synonymous with that of networking as it 
' is current in educational policy circles at this time 
(1978). It implies-connection of people in school dis- 
.tricts with peqgple in state departments, -national and 
regional association centers and collaboratives, uni- 
versities, foundations, other school systems, etc. It 
is strongly related to the concept of cosmopolitanism 
. (Carlson, 1965; Gouldner, 1957-58) and to networks of. 
professional reference groups. Linkage is seen as a 
source of ideas, values and technical expertise. 
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_ the model that the positive. effects™ 


A brief might be made hy som who would \ eeibictee:: 
pqlicies to in- 
crease external linkage are artificia}ly enhanced by the 
theoretical connections in the mode etween linkage and 
funding. The assumption was made in. constructing the. 
modei that persons with external professional comnections 
in school systems are more likely to attract external 
funds to the school district than are persons without 
such connections. The logic. underlying this aSsumption 
is based upon the personal experience that linked pro- 


‘fessionals are more likely to generate ‘fundable ideas 


and proposals, more likely to be able to acquire the 
necessary technical competence to innovate successfully, 
and more likely to have the personal reputation which is 
often helpful in: ‘obtaining external funds. The logic 
expressed here also seems strongly consistent with the 
empirical literature. in. support of the relationship :be- 
tween cosmopolytanism and Wapvativeness (Carlson, 1965). 


The assumption of the positive effects of external. 


‘linkage upon external funding seems soundly descent we’ 


of the dynamics of the real world of public schools. 
However, to take a’ perhaps unnecessarily conservative 
stance, a second test of the effects of external link- 
age was made (Fig. 15). In this test, increases in 2 
funding were artificially’ constrained (probably in vio- 
lation.of the physics of the real world) so that the 


' effects of policies to increase external linkage could 


-be’ examined assuming VEE Tittle structural _impact of 
_ Linkage upon funding. 


In this ‘test the lonastern: effects of the shores -run 
exogenous increase in external linkage (1975-1980) is - 
mitigated’ by the change in the model structure. The 
positive impact of linkage’ on innovation is not. elimi-. 
nated, however, adding ,confidence.to the prior conclusion. 


Effects of Leadership Effectiveness and Tests of 
Dramatic vs. _incrementa Change - Strategies 
It has ions been. believed that leadership’ efféttive- 


ness is a critical ingredient’ in organizations and that 
variations in ‘leadership effectiveness impact signifi- 


_ cantly upon the succeSs or failure of attempts to imple- 


ment innovative practices. The literature on leadership 
is extensive (Gibb, 1965; Stogdill, 1948; StogdiJl, 1974). 


Belief in the saliency of leadership in organizations, 


undergirds widespread investment in leader preparation 
. programs in business, education, and the military as well 
ag policy thrusts by agencies such as the Office of Edu- 
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» cation (Education Professions Development Act) and the 


American Association of School Administrators Massenat, 


' Academy for School Executives) « 


Leadership eftackivenens in the model is’ defined 
in value-neutral terms. It represents technical skills 
in planning, organizing, Supervising, delegating, co- ° 
ordinating, etc. (Gulick and Urwick, 1937). The educa- . 
tional values of leaders (i.e., leader Horns) constitute ~ 


. a separate element of the model. 


It is, of course, assumed that effective leaders 
are more effective in the service of their own | values. 
Thig. assumption is “built into the model. 

The model S06 reflects an dvevapticn that more - 
effectfive leadership tends to be better linked exter- 
Nallyfand, implicitly if not conscientiously, has the. 
effect of enhancing external linkage in the school sys- 

tem more generally. This is a significant, if debatable, 
assumption and implies that effettive leadership can set: 
in.motion dynamics that transcend leaders, themselves. 
This constitutes a further reiteration of the key assump- 
tion that leadership is a property not simply of indi-- P 
. viduals but of the ea itself. ; , 

The tést. of the effects of leadership effectiveness: 

upon the school system not only affirmed the. systemic 
salience-of leadership but also raised another: important: 
issue. Because dramatic increases’ in leadership effec- 
tiveness had such a powerful.:and - enduring impact upon 

the school system, a series of tests were run to, examine — 
_the effects of sequentially diminished exogenous increases 
in leadership effectiveness (E).on-the behavior of the 
System over time. The results, displayed in Figures 16-18, 
“seem compelling with respect. to the issue of dramatic vs. 
incremental policies of innovation. ; 


Figure 16 shows the. effects of.a sharp” increase | in a. 


leadership effectiveness upon the school systen:. This— 
input is exogenous for a ten-year period (1p 75-1985)". 


“The impact upon the school system is dramatic: What 
-is produced is a high degree of system instability,. which 
is displayed across an array of ‘indicators. Most’ signi- 


‘.ficantly, the level of innovation (X) .riges sharply but. 


then~falls, again, and continues to oscillate. strongly 
during the entire run. Similar patterns of behavior are 
observed with respect to political support for -innova- 
tion (S),..andy° especially, with respect to eqnflict (Zz), * 
which reaches very high levels around 1990 ‘and, again, 
around 2010. It’ seems accurate to characterize Faas, system 
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as unstable and in a state of conflict. oa Re . 
Figure 17 shows the effects of an increase in leader- 
ship effectiveness over a ten-year period (1975-1985) but 


Of an intensity only 20% as strong as that in the previous 


run. The results, however, are hardly distinguishable from 
those shown in Figure 16. : 


' 


. 


Figure 18 also shows the effects of an increase in 
leadership effectiveness: over a ten-year period (1975-1985). 
In this run, however, the intensity of the increase -has been 
reduced by another factor of five to 4% of the initial mag- 
nitude. Now the results are markedly different. 


in this run, the dramatic oscillations are gone. Po- 
litical support for innovation (S) goes only moderately 
negative and begins to return to the neutral point toward 
the end of the run. Conflict levels (Z) rise throughout 
he run but remain within the functional range. The level' 
of innovation (X) rises slowly but persistently throughout 
the run, along with the relevant norms (P, L and C) which’ 
lag but rise gradually behind the level of innovation. 


, Several conclusions emerge Brcativery from this series 
of tests. First, it appears that leadership effectiveness 
is, indeed, a powerful factor in the life. of the public 
s¢hool system, with potentially dramatic effects, not all 

of them necessarily desirable. Second, it appears that 
when a deeply in rated element, guch as leadership ef- 


fectiveness, becomes the object of policy intervention, 


the effects may b@ largely counterintuitive. Third, it 
seems that the issue of dramatic vs. ineremental change 
strategies is a significant issue and that the long-term 
effects of incrementalism may, in fact, be superior.* 


Effects of Forced Implementation and Further Tests 
of Dramatic vs. Incremental Change Strategies 


The last policy snrenveyyion to be examined was. of 


: : . Pa . : 


* Of course a question which may be raised is that 
which focuses upon the meaning of incrementalism. Incre- 
mentalism implies a gradual approach to change. How grad- 
ual? The answer to the question is crucial, especially 
for the practitioner. The answer seems to be, "Gradual 
enough :so that conflict levels do not get beyond the 
functional range." (c.f., Figs. 7 and.8 Supra, pp. 17 and 
18.) 4 
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f 
the type which has been spotlighted’ in some of the. court- 
ordered racial desegregation cases. ‘The conclusions from 
model-testing may be relevant, for examp e, in assessing 
-sgome of the likely long-term effects ar pdge W. Arthur. 
pSaret ey” s Gre seron in Boston. . , 
. ae . The test was to increase exogenously | the rate of ° 
a ° implementation of an innovation (e.g., racial desegre- 
: gation) in public schools. In performing this test, a 
critical assumption was made, one which may or may not 
be supportable in real world politics. It is the assump- 
tion that implementation can be mandated from the outside 
and that the. mandating agency is, itself, ‘beyond the po- 
litical reach of forces internal to the public school 
system. For the test to represent amvalid. analogy, this 
assumption must be true, at least for the time frame of 


® ne ' the mandate, itself (in contradistinction to the time 
frame of thé entire test run). 


This series of tests is similar’ to the previous one 
ine in that-an attempt was made to examine not only the im-' 
_ pact of the direct mandate, itself,‘ but also the rela- 
a tive effects of dramatic vs. incremental change strategies 
on the part of the mandating agency. The results of these 
- tests are displayed in Figures 19=21. 


In the initial test run (Fig. 19),.a sharp, auahdated 
. - increase in implementation is exogenously inputted over a 
five-year period (1975-80). The result is a period of 
approximately twenty years (1975-1995) during which there 
is substantial system instability. This period-is marked. — 
by an initial rise in innovation (X), external funding (F), 
and external linkage (Y), all of which fall back toward 
ie initial levels over time. Initial gains in .innovation 
y'-are followed shortly by declining levels of political 
support for innovation (S) and dramatic increases in the 
‘level of conflict (Z). The level of innovation falls be- 
: low initial levels in the fifteen years following the 
a withdrawal of the external mandate (1980-1995) and begins 
to rise gradually above the initial level only after the 
school system restabilizes many years later (2000-2020). 


{ . In the second test run (Fig. 20), the mandated in- 
. - Crease in implementatiom is diminished by a factor of five, 
to only 20% Gf the initial rate, but stretched over a ten 
year period (1975-1985). In this run, there is less con- 
' flict (Z) and less oscillation in political support levels 
(S), but the pattern of instability is similar, if less 
intense. 


In the final test run (Fig. 21), the mandated increase 
is diminished by an additional factor of two to only 10% 
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of, the initial rate: 


The results of this run seem. to reinforce con¢lu- 


-sions drawn earlier with respect to dramatic vs incre- 


mental approaches to innovation. ’ Dramatic attempts ‘at. 
externally, mandated implementation of innovative prac- 
tices seem to generate substantial levels of instability 
and conflic§ in the school system with modest gains in 
innovation at best.” Incremental strategies seem to 
produce at least as many gains in the long-term without 
periods of conflict and ansrabi lity: 


DISCUSSION 


The study was generated out of a concern for both 
substantive and methodological questions related to 
change theory and geducational policy analysis. Exami- 
nation ‘of the literature on planned change (Gaynor, 1977 b) 
suggested that although considerable work had heen done in 


. Gescribing many dimensions of educational change, there 


was still a need for a theoretical perspective. which was - 


_ essentially holistic.» 


It was also felt that, from a methodological per- 
spective, there were needs. to develop an alternative to 


; multiple regression approaches to hypothes.is testing, to 


explore an approach to holistic theory development, and 
to move toward the development of more precise techniques 
for examining educational policy issues. ; 
LO 
It was the purpose of this study to describe a mocest 
theory of educational change which could be ‘stated with 


* some precision, which coutd produce known historical be- 


haviors, which would facilitate an understanding of the 
structural dynamics giving rise to those. behaviors, and 
which would permit the examination of selected policies 


which have some historical currency. - 


This paper represents an attempt to describe for an 
audience of informed educators, not necessarily with sub- 
stantial knowledge of system dynamics, work that has been 
done in the past year toward these ends and to make ex- 
plicit the results of that work. 


The experimental results seem to represent movement: 
in the directions posited above in the description of the. 
purpose of the study. It seems reasonable to assert that 
it is possible to explain the historical behavior. of pub- 
lic schools with respect to innovation on the basis of a 
relatively small number of highly aggregated structural 
CreWen hes ; . A 
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The fact that the model reproduces reasonable well 
the historical behavior reference modes certainly does 
not prove that the structural model is a valid one. No 


. Claim is made for that. . It does seem to suggest, however, 


that the current theoretical formulation may be on the 
right track and, more importantly, that the method may be 
worth pursuing as understandings are sought about stabil- 


-ity and change in public schools and about other issues of 


scientific consequence in the field of education. 


The substantive findings are tentative but interes- 


ting. Policy runs do not suggest, for example, that exter- - 


nal funding, alone, represents an effective strategy to 
bring about change in public schools. They do suggest 
that, consistent with current N.I.E. policy, external link- 
age (networking) is a more powerful long-term strategy. 
Study results also-sugyest that leadership effectiveness 
is, indeed, a critical element in organizational change 

but that dramatic attempts to alter current levels of ; 
leadership effectivencys May prigduce significant counteér- 


- intuitive effects in the. form ef conflict and system in- 


“e 


Stability. In fact, a major conclusion one might draw 
from the work to-date is that gradualism in the service 
of ipnovation. has something to be said for it. 


What has not been explored’ in the current wérk is a 
Crucial meta-issue. What is. the generality, universality, 
essential’ stability of the structure itself? To what ex- 
tent might change strategies be aimed at altering this 
fundamental structure (i.e., the mocel, itself)?. What 


‘superstructure holds that structure in place? Of course, 


these are the issues of which revolutionary philosophies 
are made. The order of that analysis is different from 
that which has informed the work of the past year. The 
method, would not necessarily be different, but certainly 
the order is of a higher magnitude. 


Clearly, there are important issues which remain to 
be resolved. The issue of the appropriate order of anal+ 
ysis is a crucial one. This is what systems analysts call 
the system boundary question. Other unresolved issues 
identified earlier have to do with the sticky concepts 
of leadership and limits. 


To the extent that an analytic method forces the 
identification of significant meta-issues, it seems like 
a useful method. It seems reasonable to believe, at this 
point, that the system dynamics method provides a provoc- 
ative perspective, a potentially useful analytic method, 
and an encouraging alternative to traditional linear per- 
spectives and statistical: analytic techniques. The method 
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seems particularly well adapted to theary development, 


-and because of its precise problem orientation, to 


policy analysis. 


J 


. cs 
BS ee 


REFERENCES ~ 


Alfeld, Louis E., and Alan K. Graham. Introduction to ‘°. 
Urban D namics. combEndge: Mass.3 Wright-Allen Press. 
1976." 
of 
Andersen, ‘David F. How Differences in Analytic Paradigms 
Can Lead to Differences in Policy Conclusions: _ Two 
Case Studies. Unpublished paper. System Dynamics 
Group. Alfred P. Sloan Sthool of Management, Massa- 
chusetts Institute of Technology. n.d. (No. D 2368) 


Baldridge, J. Victor. “Organizational Change: The Human _. 
Relations Perspective Versys the Political Systems 


° seal aco Educational Researcher, 1(2): 4-10 ff., 
Febr 1972. 


Baldridge, J. Victor, and Terrence E. Deal. “Managing 


Change in ‘Educational Organizations .«« oe nae Cal.:- 
McCutchan. 1975... « He 


Bennis, Waren G., Kenneth D. Benne, | Robert Chin, and . 
Kenneth E. Corey. The Planning of Change. Third Saha 
* Edition. -New York: Holt, Rinehart and Winston. pore 
Bredo, Anneke E., and Eric R. Bredo. “Effects of Environ-. 
Ment and Structure on the Process of Innovation." In 
Managing Change in Educational Organizations, edited. ! 
‘by J. Victor BaldPidge and Terrence E. al. Berkeley, 
Cal.: McCutchan. 1975. Pp. 449-466. 


Carlson, Richard O. Adoption of Educational Innovations. | m4 
Eugene, Ore.: Center for the Advance Study of Educa- 
tional Administration, The University of Oregon. 1965. 


Charters, W. W., Jr.,- and’ John E. Jones. "On Neglect of the © 
Independent Vari gpie in Program Evaluation." In. . 
Managing. Change “Educational Organization edited: 

y J. Victor Sala ridge and Terrence . Deal. berkeley, 
Cal.: MeCutchan. 1975. Pp. 341-353... 


“charters, W.. Ney OP sy. and Roland Pellegrin! "parriéry to the 


am 


coe 


eo... 
ERIC, ¢ 


aa 


Innovation: Process: Four Case Studies of bifferen- 
,. , tiated Staffing." Educational Administration Quar- 
bexty 9(1):. 3-14, Winter, 1972.- = 


Easton, David. A Systems Analysis of Political Life. 
New York:, Wiley. ~=1965. 


Forrester, Jay W. “Industrial Dynamics. pao Mass.: 
MIT Press. .1961. ; ; o 


Forrester, Jay W. Principles of Systems. seamen ddes Mass.: 
ba Wright-Allen Press. 1968. . °: oe 
’ E 
Forrester,. aay: W.,/ Nathaniel J. Mass, and Gietkes J 4 Ryan.» 
"The System:Dynamics National Model: Understanding 
Socio-Economic Behavior and Policy Alternatives." 
Technolo: ical Forecastin ene Social Change, 9: 5l- -68, 


S ‘ s 
e a 
So 


“Pullan, Michael, wand Alan Pomfret. iReebarch on Curriculum 
. and Instruction Implementation." Review of Educational 
Research, 47(1): eee aes -Winter,. 19 “uP 


- Gaynor,. Alan K. ; A Computer Siitulation. se eae in 
Schools. "Paper preserited at the Anntfal Meeting of the 
Northeastern Boucdesonat Research Association... 

_ October ee "1977(a). 


Gaynor, Alan kK. “The Stuay of Change in Educational Stganiv’ 
. zations: A Review of the Literature." In Educational ,. 
‘Administration: The Developing Decades, edited by Luvern 
L. Cunningham, Walter G., Hack, and Raphael oO. Aystrand,. 
Berkeley, Cal.: McCutchan. _ ITs 


e 


Getzels, Jacob. Wea’ James M: * Litpham’ and Roald F. Campbell. a 4 
: Educational Administration as a Social Process. New w. 
York: Harper and’Row. 1968. ‘ a 
“ Ghacquintay: Joseph B. «The: Protess of Organizational Change 
in the Schgol. In Review Qf | Research in Eaucation, 
vol. I, edited by’ Fred Kerlinger. Itasca, Ill. 
fe Pe Ee Peacock.° 19°73. | Pp. 178- 208. me 
Gibb, Cecil! “Leadership.". In the Handbook of Social . 
: Psychology, edited by Gardner Lindzey. Vol. II. 
Came tage: ase. BASES CHWS Tey « 1954... 
Goodlad ; John I., M. Franées Klein, and ee een Looking © 
Behind the Classroom Door. Worthington, Ohio: 
Charles A. Jones. 1971. ' 


.. 


« 


” 


Gouldner, Alvin. "Cosmopolitans and eoealae:. ftéwara adn 


Analysis of Latent Social “Roles. Administrative *. a 
Science Quarter] = -281-3067 -440- oo PCcemc es 2. 
1957; March 1958. + : oo ee 


Greenwood: peter W., Dale Marin, and Milbrey Wallin ne wy 


McLaugh] in. Federal Proyrams Supporting ducational | 
Change:. Vol. III: The Process of Change,: Sdanta 
M ae as the Rand Corporation.. April, aca 


Groees Neal, Joseph B. _ Gtacouinta, and. Marilyn bernstqin. z i 


Implementing Organizational Innovations. . New York; 


, Basic BCOnSS 1971. en eG te 


Gulick, ‘Luther, ana L. ‘ Urwick "eae. ye Papers on. the Science | 


of ‘Administration. New York: apse Sues of Public ~ 
Administration. 1937. 


Havelock, “Ronald foe Janet Cc. Hubef,. _and Shaindel Zimmérman.. 


Major Works on :Change in Education: An Annotated Biblio- 


raph Ann Arbor: Center’ for search on Utilization* 
of Scientific Knowledge, Institute for Social Research, 
“University af acu October , 1969... 7 


ie 
Fey 


Havelock, Ronald Gi; et’ al. - Planning-“for Innovation through 
, ‘Dissemination and Utilization of Knowledge. Ann Arbor: 
Center. for Research on Utjlization of Scientific. Know- 


ledge, Institute, for Social Research, (the University of . 


Michigan. /1969. 


. . 7 . . . ay ‘ : : ty 

Havelock, Ronaid G. .The Change Agent's Guide to Innovation 
in Education. = Englewood C iffs, N. cae ‘Educational 
Techndiegy Publications. + 1973. : es 

4, 

va iets o.. ; . ; 

House, Ernest.” The Politics of Educational Innovation. |: ie 
erheteye Cal.: McCutchan, 1974, . — 


Iannaccone}, Laurence. "An Rppconat ‘to the Info mal ofgani-; 
zation of the School." In Behavioral Scierce and 


Educatioral Administration, edited by Danjel .E. Griffiths. 


“.- Bart II, 63rd’ Yearbook of the Nagional Society for the 
“Study of Education. Chicago: University.of Chicago 
Press. © 1964. oo 


. 


a * as 


cae ne 3 
-Tannacconey Laurence, and Frank W. Lutz. Politics, Power 


“- and Policy» The Governing of Local Sehool Districts. 
Columbus, «Ohio: . C. E. Merrill.- ds - 


Kahn, Robert Dag et al. Organizatipfal St*@ss: Studies in’ 
. Role Conflict and Ambiguity. New Yorkt John Wiley. 
. I6f i ti‘SOSOSC—s*S oo % 


e : ee z © 4 
* $ . 


‘ . # es wT ots : o « aad ~~ 
F id 2y8- Z 
ie “¢ 4) . > > a, 4 s . ° 
ee e ewes 2 
ft, 3 Fs ; ; : ae ~ * 
iv 7 a ’ “ e °° BJ i : * . : : 
; te ; ” Kimbrough: Ralph . B. Political Power and Edutational 
7 ' ea” DeciBightMaking- Chicago: ‘Rand MéNally. 1964. 
. , FE: ; . e ; . . 
‘ ton a Klein, Donald. "Some Notes on the Dynamics of Resistance 
Pgs « ‘td Charfge: Thé Defender’Role.” In The Planyying of  *. 
: . - Change, @@ited by Warren G. Bennis, et al.wNew York: : 
ig e082 % ‘Holt, Rineneet and -Winston. 1976. Pp. 117- ‘124. : 
Se ee Levin, miele Ao, oan: Ogee: I. Simon. The ‘Creation of 


s Educati al Settings: + A. Developmental Perspective. 
. . ' Draft paper. Ontario Institute for Studies in. 
“ ' Education. n.d. : . ° 
+. Y : ee 1° 


ties L. M., S. Temkin, and C. ip. Cummings. An Annotated 


Bibliography on Administering for Chanae. ; Philadelphia: 
= Research for ‘Better Schools. 1971. = 


“8 


rhe 


a . Mass, Nathaniel J., and Peter’M. Senge. Alternative Tests 
: for the Selection of Model Variables. Unpublished 
. .. paper. System Dynamics Group, Alfred P., Sloart.School ° 
_@ § - -®£.Management, Massachusetts Institute of eee ne regu 
we - January, 1976. - (No. WP 828- ~76) 4 


. " . Meadows, Dennig L., et al. Dynamics "of Growth ina Finite 
: _ 1974. 


‘World. Cambridge, ‘Mass. ae ea Press. , 


- Papi. Douglas A. "Change Processes at the Elementary, 
Secondary, and Post-Secondary Levels of Educatiog." 
In Linking Protes#@8 in Educational Improvement, 
oo ue y Nicholas’ Nash and Jack Culbertson. ‘Columbus ,, 
Sd a Oy University Council for Educatibnal Adm#nis- 
i 7 ‘trating: 1977. : ae 


+ 


ge ~ Pugh, Alexander L.,- III. Dynamp User's Manual. Fifeh 
: ais Ss. 1976. 


pe Edition, - Cambridge, Mass. : MIT Press. 


ae 


™ a 


Randers, Jorgen,:and Leif K.’ Erv?k. . The System Dynamics”. . 
Method. a a Norway: Resource Policy Group. 1977. 


- 6.2 Bacbnena Barry M. 4 The Outward vs. the Inward Payadigm’ and 
7 . _.. the Management of Social Systems. . Unpublished paper.’ 
ma? * gh 'Kifred“P.. Sfoan Schogl of Management, Massachusetts 
, Institute. of Techrié logy . October 4, 1976. (io. D 2456- 1) 
28 yt i. . 
we he Richmond, airy: M. “Towarg a Seructural Theory of Cancer. 
a yO ‘Unpublished paper. ystem Dynamics Group, Alfred P.- 
“Sloan School of ‘Management, Massachusetts: Institiite 
of peomoteay: * June 8, 1977., (No. D 2718) 


be 


_t 


Sarason: "eeoniny B. Th "c eae of the School and the 


s «a . Problem of Change. BOSton:, Allyh and Bacon. 1971. 
eee ge oe. os 


Q | , , e re ® * . ; bt . de 7 : ; x ; . . co 
ERIC rn a eH BS - _ os 


ry 


ze Wolcott, Harry 


t . 


- Stogdill, Ralph M. 


° 
a g 


‘ hg- : 2 _ 2 


"Personal Factors Associated with “ 
4 Leadership: A Survey of. the EL ECE SCRE 


Journal — 
of Esychnolosy: 25: 35- 71, 1948. 
S€ogaill, Ralph M. Hartabook of Leadership. ‘New York: 


The Free Press.’ 1974. 


‘Wacaster, Ce Thompson. 


e 


_ Cal.: McCutchan. 


ir § Life and Death of Differen- « 


', tiated Staffing at Columbia High School." In 2 
Managing Change in Educational Or anizations, edited 
by J. Victor Baldridge and Terrence E. Deal. 


“1975. +Pp. 467-481. — 


Berkeley, 


‘Weiser, Robert R. The Innovative Précess ina Dynamic 


Organization: 
Junior High School. 
Boston an 


F i 


pe 


An Historical CaSe Study of Meadowbrook 


Unpublished doctoral dissertation. 
May, 1976: 


Teachers Vetsus Technocrats: Educational 
Innovation in Anthropologital Perspective. 


Center for Educational Policy and Management.- 1977. 


Eugene, Ore.: 


# | . 8 


oh 


o 


eo. a APPENDIX A 


é : ‘' Model Flow Diagrams 


i 
- -~ 
. 
‘4 . . 
” ° 
. bad 
‘ 7 = 
=~  o Be 
a . 
/ 2. 
a . 
* 7 
: A a 
is s 
i iS . 2 
’ 3 
‘ Sees 
> ‘ ® ‘ * | 
‘ 
eo o - 
: Y, . 
e 
o * 
é . re 
“ 
? 4 
ad 
> 
n ” 
; 7 
< 
we 
we 7 
' ~~ J 
2 
7 
nu ot b 
. 


: i Ps : i‘ 7 gy 
<) oP ‘ IO s . ‘ 


Neo 


PLEMENTATION ARD_IRMOVATION SECTOR 7 = 


DLIMIT 


« TEffect of 
Political 
Support 


0008 


LEVEL OF 
TANOVETION 
or 


a Jas; OF 

_/P™MwpLsven 

/ TATIO 
/v/ / 


Ket 
External 
| Funds 


\ | RK S— ear 
ee Unit - r 7 ff ‘\ » gon Unit of 
/ -Inplenentati \ ( cs | Aiscontinvation 
: y SL : a Ne 


ffect of\ 
| Conflict: 


—-tS- . 


LEADERSHIP 
~ BRFECTIVENESS.. 


LOSS OF 
LEADER- 


ffects 0 
Community 
Wealth 


" Standard’ Unit: of. 
oe cal Effectiven ess, 
: SLE : ie 


. Normal Leadership 


, Loss Fraction 
ce _MLLF 


ser 
Linkage * 


ELGLN 


SUPPORT FOR TANOVATION'SECTOR ox 
- ‘\ 
eo 3 : owe » Rate mr Demand 


Regression Toward Zero 
FORTE : 


SPURT FOR 
TNNOVATION 


DELAY(1 ,2) 


Norns 
SFLA 


E OC _ ' i , ( 
ANS tet » 4 _ = 


Ca. + 


CONFLICT SECTOR 


CONFLICT 


/ 


Standard Unig ey Conflict Resolution 
of Conflict \ , a Adjustment Time : 
i ey _e ee Fe | \ . CRAT ig 


| MOESSIOML OBER 


-ss- 


Effect 0 
Leadership 


EPNOLE 


te 
, 


ct 


. 


“4 


Qe, 
LON 


LEADER NORMS SECTOR 


ag! 
ae, 


Lo 
¥, 


re 
. e 


PROGRESSIVISH OF 


DELAY(1,1 
: ( F 


& 


LEADER WORYS "| 


-9S- : 


¢. 4 


ae ; ; 
‘s : : ' : wf 
. sede 5. 

», 


a ” ‘6 -k ; . _ 7 5 a. ts 4 : é _ 


COMMUNITY HORNS rn rn in ce or, 


Nae 


ee 


~Korms. 
gicnyN 


‘ : te : - . | . - : es / : 
; OQ. . i ra : Ss eS : : _ 2 
Ge 4g Oe. oe ee 


P , , ss ° ° - 
i 4 iL ae 
«®t, 2 ‘, 
t 


. | ot % “ 
_ EXTERNAL FUNDS SECTOR e. 


4 4 e-. oe . 
° . Z) 
< ; 
2 3 ] ‘ : 
. oe ‘ 
- w : EXTERNAL 
5 P FUNDS © 
so . 
: = 
Cc ‘i: 


m a - i: 


; ° Standere unit 
. of External ~~. 


_— External Funding 
a — ne Funding \/_ | 


Discontinuation. Time 


External» + 


a . © | cLinkage 
< EFLINK 
me Fy 
a % Sy + * ' 
‘a 3 iu 2 -s 
. : e 
. ny é 7 “ea 
“ ie i op i i) é : 
- \ as ‘ 
‘ % all 
" . 2 ; 
‘ ié is w 
& a a F 
2 ‘i we 
j a ae . 
x. “ eae 


a3 | 7 ied 7 | r 
| <n : eae og ; my eo | ee 
= wt, 2 . 7: . ; = z 5 . ae 
° ENC a : . : ots nS ; . 4 : 


oak 


ENTERNAL LING he 


Pe ‘Ya 
ee . 
ae 
\ v, 
bye : 
» % 
at 
‘ va 
; ie P 
\ i . 
; "» 
a 
ee a 
+! “ 
aa 
a 
8 re 


Lintag Genergt fon te 
ba a 
of 


* LINKAGE 


EXTERNAL 


| tation 


ELNKIM 


LKDT 


, 


Linas iseupinatin n Tine 


a . 
ev 
’ 
©: 
4 By 
a ’ - 
. roto 
‘ a ‘ 


. - 


: Pa 


; 2 ‘List of Abbréwiations 


“« : hoe eras 


“ eee. 
. 3 i nd oh ; 
fe iene 8 


List 6¢ Model F 
4 ee 


DYNAMICS OF ‘CHANGE IN SCHOOLS MODEL 
LIST OF ; ABBREVIATIONS | 


4 


“aplenstadn, and Innovation Sector. 


“EOI = LEVEL OF INNOVATION (‘4 OF TOTAL _ PROGRAM). wtp. ge 
Bee “. IMPLEMENTATION OF PROG RESS IVE PROS GRAMS -(% c asbeae yes 


Peouexsontéss) ’ 


* oe “ ae 


Cae ane LIMIT Oh opicventaTion (ormenston.ess oe 


re % . 


ey, ie = serio 0 OF PROGRESSIVE < ronteaey 


= ee EFFECT on SISCONTINUATION OF conPutcr’ “(DLHENSIONLESS) | 
¥. EODOLE' . Ere sae lack a oF ‘LenpegsHTP ‘EFFECTIVENESS (DIENSIONLESS) 


“Fonoct =: “EFFECT ‘oN. DISCO! TAWA OF LEAD R "NORMS (OINENSIONLESS) 


BLN LIMIT O44 ISCONTINUATIQR SoinenstOM 


; “fe 

ai ad ee ‘OF LEADERSHIP EFFECTIVENESS. (ES -UNITS/YR: ‘e 

See LySTANOARD? UNIT OF LEADERSHIP EFFECTIVENESS: (E- UNLTS/YR: 7. 

“ELGCHLY: EFFECT # LEADERSHIP GENERATION OF COMMUNITY WEALTH ae 


SLIMIT é apna “ON LEADERSHIP. GENERATION {OMIENSIOHRESS) 


“ELE, - ‘Loss OR LEADERSHIP EFFECTIVENESS (E-UNITS/YR. ) mo - : 
REEF ~ ~ NORMAL LOSS OF LEADERSHIP. FRACTION: (E- UNITS/YR. ie oe 

‘gbLLo¢ Spit ct ON LEADERSHIP LOSS OF CONFLICT (DIMENSIONLESS )_ 

= Beko. - EFHECT ON LEADERSHIP, LOSS OF EXTERNAL LINKAGE: {OTMENSIONLESS ) 
ae eer. = Lait ON LEAQERSHIP LOSS: | 


: 262-7 | 7 
Support for Innovation Sector 7 pee 
SFI - SUPPORT FOR INNOVATION ais i, | | 
-DISPP - DEMANDS IN SUPPORT OF PROGRESSIVE PROGRAMS. (D-UNITS/YR. ) 
SFLN - SUPPORT FROM LEADER - NORMS (D-UNITS/YR.) , 
- EOSOL - EFFECT ON SUPPORT OF LEADERSHIP (DIMENSIONLESS) 
‘; SFPN | - > SUPPORT FROM PROFESSIONAL : NORMS (D- UNITS/YR. ) 
SFCN - SUPPORT FROM COMMUNITY NORMS (D- SNITS/YR. ), 
oe SLIMIT - LIMIT ON DEMANDS IN SUPPORT ' OF “PROGRESSIVE PROGRAMS: (DIMENSIONLESS) 


DjopP - DEMANDS IN OPPOSITION TO PROGRESSIVE PROSRAMS (D-UNITS/YR.) 
OFLN - OPPOSITION FROM LEADER NORMS (D-UNITS/YR.) 

OFPN - OPPOSITION FROM PROFESSIONAL NORMS (D-UNITS/YR&.) . 
OFCN ~ OPPOSITION FROM COMMUNITY NORMS (D-UNITS/YR.) on : 
OLIMIT - LIMIT ON OPPOSITION TO PROGRESSIVE PROGRAMS (DIMENSIONLESS) 


o 


* Conflict Sector 
va, CON = CONFLICT. (C-UNITS) 2 . as 
"CG - CONFLICT GENERATION (C-UNITS/YR.) oN, 
_ -STUOC. = STANDARD UNIT OF CONFLICT (C-UNITS/YR. ) 
> TFNEGS - CONFLICT FROM NEGATIVE SUPPORT (DIMENSIONLESS) . | 
"CUFT - CONFLICT FROM IMPLEMENTATION OF PROGRESSIVE PROGRAMS (DIMENSIONLESS) 
(LIMIT - LIMIT ON CONFLICT GENERATION | i ae 


CR - CONFLICT RESOLUTION (C-UNITS/YR.) r 
CRAT - CONFLICT RESOLUTAON ADJUSTMENT TIME (YEARS) | 
~*~; ECROL. = EFFECT ON CONFLICT RESOLUTION OF, LEADERSHIP” (DIMENSIONLESS) 
Professional al Norms Sector a , a? 
; ey ee a “a i ; 
PPN; - PROGRESSIVISM. OF PROFESSIONAL NORMS (%. OF TOTAL PROGRAM) 
> - RIPPN + RATE OF INCREASE OF PROFESSIONAL NORMS (i OF PROGRAM/YR. J 


RIPNEP. ~ RATE OF INCREASE’ IN PROFESSIONAL NORMS. FROM EDUCATIONAL . 
- PROGRAM (% OF PROGRAM/YR. )% ° 


RIPNLN - RATE. OF INCREASE IN PROFESSIONAL, NORMS FROM LEADER 


| _ (NORMS (% OF PROGRAM/YR..) , — 
‘7+ EPNOLE - EFFECT ON PROFESSIONAL NORMS OF LEADERSHIP EFFECTIVENESS XDIMENSIONLESS 


RIPNCN - RATE OF INCREASE IN PROFESSIONAL NORMS FROM peer SS 
NORMS (% OF PROGRAM/YR. ) 


* PNILMT - LIMIT ON INCREASE. IN PROFESSIONAL. NORHIS (OINEWSIONLESS) 


r) 
ERIC 


— 
ERIC. 


Header. Norms Sector a SO eg 


4 


y 
ah 


: : a -63- 7 ” 


 RDPPN - RATE OF: DECREASE IN PROFESSIONAL NORMS (% OF PROGRAM/YR. ) 
RDPNEPs - RATE OF DECREASE IN PROFESSIONAL NORMS FROM EDUCATIONAL 


, PROGRAM (% OF PROGRAM/YR. ) 


RDPNLN -RATE OF DECREASE IN PROFESSIONAL NORMS FROM LEADER 
NORMS (% OF ies ) “ 


. RDPNCN - RATE OF DECREASE IN PROFESSIONAL NORMS FROMM COMMUNITY : 


NORMS (% OF PROGRAM/YR .) 
PNDLMT - LIMIT ON DECREASE IN PROFESSIONAL NoRts (DIMENSIONLESS) 


~ 


; PLN - PROGRESSIVISM OF LEADER NORMS (% OF “TOTAL PROGRAM) 


RIPLN - RATE OF INCREASE IN LEADER NORMS (% OF PROGRAM/YR. ) 


RILNEP - RATE: OF INCREASE IN LEADER NORMS FROM EPUES TONAL 
~ PROGRAM (% OF PROGRAMH/YR. ) < 


_RILNPN > RATE OF INCREASE IN LEADER NORMS FROM PROFESSIONAL 


NORMS (% OF PROGRAM/YR. ) . 


~ RILNCN - RATE OF TNCREASE IN LEADER NORMS FROM, COMMUNITY 


NORMS. (% OF PROGRAM/YR. ) ° 


4 | os me p 
ILNLMT - LIMIT ON INCREASE IN LEADER NORMS (DIMENSIONLESS) 
RDPLN.- RATE OF DECREASE IN LEADER NORMS -(% OF PROGRAM/YR. ) a7 MS 


RDLNEP - RATE OF DECREASE IN LEADER NORMS FROM EDUCATIONAL > 
: PROGRAM (% OF PROGRAM/YR. ) = 


°ROLNPN - RATE OF DECREASE IN LEADER NORMS FROM PROFESSIONAL =~ ve 


NORMS (% OF PROGRAM/YR. ) 


RDLNCN - RATE OF DECREASE IN LEADER NORMS FROM COMMUNITY 
' ~ NORMS (% OF PROGRAM/ YR. ) 


DLNLMT = LIMIT ON DECREASE pe LEADER NORMS {DIMENSION ESS) 


Community Norms Sector’ ~ — , 


PCH - PROGRESSIVIS' OF COMMUNITY NORMS (% OF TOTAL PROGRAM) 
RIPCN --RATE OF INCREASE IN COMMUNITY NORMS (% OF PROGRAM/YR: ) 


'  RICNEP - RATE OF INCREASE IN COMMUNITY NORMS FROM ROUEN ONGE 


PROGRAM (7: OF PROGRAN/YR. ) 


-RICNPN - RATE OF INCREASE IN COMMUNITY NORMRFRON PROFESSIONAL ow 


NORMS (% OF PROGRAN/YR. ) 


RICNLN - RATE OF INCREASE IN COMMUNITY NORMS FQN LEADER a Oe 


NORMS (% OF PROGRAM/YR, ) on, 
ECNOLE - EFFECT ON COMMUNITY NORMS OF. LEADERSHIP EFFECTIVENESS" (DIMENSIONLESS) 


CNILMT - LIMIT ON INCREASE IN COMMUNITY NORMS (DIMENSIONLESS) 


Ny 


. 7 eA — . ag - ‘ = a \ . : ‘i aan 


RDPCN - RATE OF ‘DECREASE: Ii COMMUNITY NORMS (% OF PROGRAM/YR. )y 


- _..  RDCNEP - RATE OF DECREASE IN COMMUNITY NORMS. FROM EDUCATIONAL 
i PROGRAM (% OF PROGRAM/YR. )» > 


_-RDCNPN - RATE OF DECREASE IN COMMUNITY NORMS FROM PROFESSIONAL eee 
ae NORMS. (% OF PROGRAM/YR. ). —s 


-RDCNLN -. RATE OF DECREASE IN COMMUNITY NORMS FROM LEADER 
NORMS (% OF. PROGRAM/YR.) — 


CNDLMT - LIMIT ON DECREASE IN COMMUNITY WOES (DIMENSIONLESS) 


‘External Funds -Sector | ; 


EF - EXTERNAL FUNDS (DOLLARS) - 

‘CHEF - CHANGE IN EXTERNAL FUNDS (DOLLARS/YR:) . 

STUOEF - STANDARD UNIT OF EXTERNAL FUNDING (DOLLARS/YR. ) . 

| EEFOI ~ EFFECT ON EXTERNAL FUNDING OF IMPLEMENTATION (DIMENSIONLESS) ~ 

[i «¢ _ EFLOI - EFFECT ON EXTERNAL FUNDING OF LEVEL OF INNOVATION (DIMENSIONLESS) 
| ~EFLINK - EFFECT ON EXTERNAL FUNDING OF EXTERNAL LINKAGE (DIMENSIONLESS) 

” EFDT - EXTERNAL FUNDING DISCONTINUATION TIME (YEARS) 


External Linkage Sector... . ° i. . we 4 
: LINK - _ EXTERNAL LINKAGE — 
/» LINKG - LINKAGE GENERATION (L-UNITS/YR.) - 
" LGFRAC - LINKAGE GENERATION FRACTION (L-UNIJS/YR.) _ 
ELNKLE - EFFECT ON LINKAGE OF LEADERSHIP EFFECTIVENESS (DIMENSIONLESS) ‘ 
ELNKI - EFFECT ON LINKAGE OF LEVEL OF INNOVATION: (DIMENSIONLESS) *- * 7 ™ 
| ELNKIM - EFFECT ON LINKAGE OF IMPLEMENTATION. (DIMENSIONLESS) - 
<0) ENKLMT <-LIMIT ON LINKAGE GENERATION a 7 
\ = LINKD ~ LINKAGE DISCONTINUATION (L-UNITS/YR.) a: 
LKOT - LINKAGE DISCONTINUATION: TIME | , 


= 


a fal 
* < ae 


E an on \- ic a 


. <s ~65-: 
DISPLAY CHANGE22 “ae nage te a 
1 /JOB NSEGS#8 ae : —_ : 7 8 | 


Ue 28 


CWON A CUSD 


ZINC LUBE LYNAMO 3. : 
DYNAMICS OF CHANGE IN SCHOOI.S MODEL —-a. K «GAYNOR 

x 

: . 

x 

MACRO PSE EAN ate E> 


Lo PKNSE NNSE JECITATC) (#6xNOTE oe SHEN -PKNSE. J) 
N PRNSE.K=MEAN ; 


SW. , KReClIleOrOs TINE Ke 198 

SWU14.K= ECL IF (OFO/TINE sky 1980) oe : 
SW1S2O rn ae oe *? = 
SW1S.K= “Cl. TP(0¥09 TINE®K+ 70) - 


N $G6=SiVUxS SORT (24KTC/TIT) 
MENTO © 00 oO ; a ee ‘ 
x IMPLEMENTATION ANI! INNOVATION, SECTOR 
x ie , 
Le LOT. K=LOT. JHOTXCIPE, IK TIFF JK) 1.0 ae 
N LOIT=ILOL - ay, ‘ rent eh 4 
CG ILOr=10 aad oe ge eG : 
ae ; et. . « . 
FoOTPPOKL= (STUOTR(CEQICN. KKEOIQS MOMEOIEF . KKEOLOLE. KMEOTOC.K : 
X +EOIOLN. KAPOLOLESK) 4PKASE (OF 2291S SWaeL 4 
X PULSE (1092075) XSWI PESTER C2 91975) KSULS.K- ; “wa 
X +RAMF (191975) KSW14.K+STER(~2y 1000 KGHL5 * " 
X tRAMEC. O49 2O)KGULS OK «TB 1 dat 
C SWiL=0 UP 
C. SW120° : 
A 
f) 
Cc 
A 


29GE STUOL# 62 : . 
~ JOA EDTICW. Ke TABHL (TEOICU CUR Ny 62s 39.4) Lid«d 
31. T. TEOQICW=. 19. Selel.392% 226672.993 
"32 A CWR.K=CW.K/NCW 1s? 5s 
433 -€ NCWH1 ; - 2 
- 34° A CU.R=CWC- a ee a a i oe = 
35 ¢.CwWC=1 or 
36.0 EIOS Ks -TARHL, (TEIOS SSFI. Kr-100r100720%. 451.4 
37 T° TEIOS= “Oredy ede e57.B5r br Sr S07 19 7 10 .° 14.4 
. 38 A EOIOS.K- Saree cy _ 
» 39 A EDIOLE.K=TABHL(TEOTOL VER Ky 2439 4) 1.165 
40 a TEOTOLE® 33s (5401.20 8511 Pr 2.593 - oo 
41 A EOTEF. K=TABHLATEGIEF ESN 705100710): 10168 
"A207 TEQUEF=. 59429374954 aPrld. ee 
. 43 0 ELOC.R=TABHL CTETOC» CON, Rigs 100710) ‘16167 
44 T TEITOCs1+1.291. slaty iPr By oe tAre3re110 
“AS A EQFOC .K=DELAYI (ETO. 92)" YY) ; Ped 
46°R EQTOLN. K=TABHL(TEOIOLNs SOLNEF, K 07100910) 14138 
- 47 T TEQIOLN'Ov1 91.5292. 372.592. 792.892.692.959 . 
48°00 STLNEP.KEPLNGK-LOT.K ee ee, — ; 
a9 6 STMT. K=TABHL(TILIMIT*sLOI.KrS807100°4) = 1.1.14 
_ 90 T TILIMIT= "19697. Br .77 6590 ae 7 
e ane ; : 
: ' are 
Be : ce ) 


” ote 


$2. R.TPP, KL= (STUOD. Kx CEODOS. KxEOnOC. ,KXEODOLE. Kaedngey. K 
* OS xX +EODOLN. KXEODOLE.K) +P KNSE(O,. 291) 
$40 FoWAl TT ULSE< 1092075) %SN2 *2+STEPC. +248720)*SU23IR : 


X 
55 X +RAMPK 292 20) €8W24)xDL TAIT. K errs ar 
"56 © SW21s0 . ae a ee 
57 C SW22=0 - 3p ee,  % ge - 
58 C SW23=0 - me ; 
59 C SW24=Q 
60 A STUOI!.K= (STUOI/10) LOI. K op ees | a re 
61 A EDOS.K=TABHL (TEDOSySFIVKy-100r60720)° 442,200 Oe 
62 T TENOSE1019 979 S9 Sed y B57 0S a ee 
637A EOLOS .K= TELAYLCEMOS .Ky2yo 5 
44 A EDUC. K=TARHL (TENMOCs CON. Ky09100% 19) : 
65 T TEDOC=191.2591.592 r3yS¥10720 74078091605 | 
66 A EQUOC. KelELAYLCEDOC. Ky 1) baie 4 
67 A. EODOLE. K> TABHL (TEOUOLE LGR Ny 39301) 4.263 
‘68 T TEOLOVE" By 26Srb. Gel. 271 9050633 - . 
69 A EOUOEF R= TABHL (TEQUOEF SEF «NK» 09100710) 1.2.4 
70 T TEONGEF 19 17.987 951 «99 B49 777 727,689 ob 6S” 
71 A EODOLN.K= TABHL (TEOUOLN sy SILNEF. Ky-10070%10) 1.2.5 
72 T TEODOLN 392.95 2.992. Br 2.72 Tp2eBr2vleSri yO * 
73 A DLIMIT. Ke TABHEA TOL IMI Fy LOL. Ny Or Sy 4) 142.6 
~74 T THLIMIT=07.59.79 689 Ped ; 
75 _ . : 
76K LEADERSHIP EFFECTIUBNESS SECTOR 
77, «> ; . -o 
(78 1 LE. ReLeE. J+0T (GLE wJK- “LILES JK) >. B20 * a 
79 N LE=ILE ; i ne 
“80 C ILE#10° °° © «Bees. 3 te BR eo — 
81, x - Se ; a , hg ane a 
82 Kh GLE KL =(STULEYELGCU. KXELGLNE. MMELGEF . KE PRNGE - 
BOX (Ow 6271 DKSUBLIFULSE (109 2005 XSW224STER(. 248720) ° 6 
X ASUS RANE (4291975) HUSA» KOSGLIMIT. K 24d: fy 
% O° SWS1=9 as 
C SW32=0. a ‘ : 
20 GW3320 ae 3 eB ‘4 ‘ 
3 fy SW34.K= ‘CLIP (O90 y TIME «Kr 1985 - 
CG STULE=, 4 
A ELGCWs Kis TAPHL (TELGCWs CUR. Ky Sr3ee5) Pe ded 
T TELGCW=.7elelePyleSot, 872 : : 
A ELGLNK «Ke TABHL (TELGLNK» LINK. 207100710) Pe 
T TELGUNK= Gy ty1. 592.59 5157 3023tyeBy.b 
. 0: ELBE; K= TARHL (TELEP sEF. KrOr100%10) Ded s 
TT TELE Sta dete tet Qrde 2rd Avda Seti Geds Pode Bri. 7® 
“A ELGEF YR: DEGAYACELEF ok 23) : 
A PER VIELE |K/NLE ‘ y Beaded . 
C RCE OR fe eg 
4A GLIMIT,K= -TABHLTGLIMIT ILE. 1740 9005-269 ee 
T TGLIMIT=17487+470 0 ys a 
x P 
RLLES KL = (NLLFXLE  KXEOLLOC. KYEOLLOL sK+PKNGE . 
(Or, 271) XSW414FULSE (1072075) $SW424STEF (2484 20) 
KSW4S+RAME (2 y 20) XSW44)KLLIMIT OK 2,2 + 
GW4i=0) 8h 0, . . 
SW420 7 Soh ae = oe 
GW43=0 - . ee oe 
SW44=0 _ . é 


- EOLLUE.K= TABHL (TROLLEC? -CON, KrOr1009¥0) 8° BoD 
TROLLOC Lote tty de 30d, reentry e 1ly7, 38695957710 
EOLIOL. Ke TABHL{ TEOLLOL LINK Ks $0¥ 100710). x. 2\2 
_T TEOLLOE: Le Pr 7rd ee p2rdSe2 h, % 

C NLP =. 02 = 7 
ERIC @ Leimtt k=TABHLCTLLIMITSLE.KrOS1001)* 22.8 


OT TLL IMUT=00 1 c2e eho hy (Sorby c7y oBea9ed as ‘Ol 


D> 4D eat 


117%.” | SUPPORT FoR INNOVATION SECTOR 


‘LAOTL SFILK=SFI. SHUT CISPR JK-BIOFF UK-RURTZ. MKD 360, Pete 
A20°N SFISISFI 0 rk ae 
t C ‘ISFI=0. ge fe 4 _ 7 -/ tke a 
. . . 

‘ 


eo DISPP.KE= (SFLN.KXEOSOL KHDELAY 1 (SFEN» 1 es Xe 

X +DELAYL(SFON.K 92) | “ay Oe eS 

129 X +PRNSE (Oy «29 1) KSUSLFPULSE (2092 20710) 7 oe 4 @ 

XoKS SUS24 STEF (50920) *S WSS+RAMIC 619 LOD ¥SUS 4)KSLINIT, K Bi 

127 C SW51=0- ; 

-128 C SW52= ‘Q RS Ay : oe 

129 © SW5320° 

C SW5420 7) - yee 

A BFL. K= TABHL. (TS FLLNy SIILNEP Ky 0920, 4) o Betet. oe 

T YSFLN=Ovl S695. 597 2 Yn 
A ile K=TARHL (TSEPNy SUPNEF sK¥0%2094) Siig?! Ss * 2s 

134 T TSFPN=Ord 9 Shor beSy7 * 
A 
T 
A 
¢ 


SFCN.K=TABHL (TS HFCNy SHCNEP Ky 07204) 361.3 
TSF GN= Orde LOr1G e209 25 . , 
Y SUPNER. K=PEN.K-LOD.K « 361.5 sO : 
A SYICNEP LK PON GK-LOILK 5 3.1.6. = 5 
AEROSOL. K-“TABHL (TEOSOL »LE. Ky 09100920) °° 3.1.8 °° 4 
TEOSOL# 1 91429292.492.893 a 7m 


“SLIMIT. K= TABHL (TSLIMETy SEX Kr 80: i 
ei el ea ie 


« 


cy . 
ULOFF, Ki COPLN. KKrOS SOL RK ETIELAY Ore Fis evecare, Ks 


A 

T 

fh 

T 

x 

2 

Ky 2 tPNNSE CGY 0291 a SW3ALERUL GSE “Cy PS 25 9-tO KS WSLS TER, 

X ¢, 2489 20) KSW3LSERAMFE C, 0001 620) *SWS1 ADROLIMIT. + $62 

A OFLN.K=TABHL. (TOFLN®’ ss NEF a ao = - 

7 TOP L.N= Feb vGy rd Or: : . .? ty io i 

A OF FN. K= TABHL, (TOF Pity SIPNEF « Kr-2090y4) . | 362.2. F ee 
150 -T TOFPN=7y4heS969%3y 90 ° ee 

A OF CNS K= TABHL CTOFCNy SIICNEF, Kr-2d9094) 36203: _ A 

T TOF CH= 25 9207157109170 a 8 4 : 

NY QUIMIT. K=TABHL ¢(TOLIMIT rs? SFI. 7-100 -90r1) Be RA i: é 4 

T:; TOLIMI T= Or eLynde Sy Ari Sr ibys Pree ed ai : - 2 * 

C SW311=0. Se a — ae? : “3 

C SW31220 =. i i * ee a 

C SW313%=O | . Se. , . _ “ = , pT gia. Bey <5 

C. $W314=0 * ce —, eg te 

x ‘ets < . : : 

RK 

c 

x 


CRIRTZKL=SFILKZSDAT. 2 > an 
Lc gtiav=2 . 0S : a oe a ae ed 


. . 
. 7 . Py 


> ~ . 
ERIC 2 “ *: ac 


: s. = wn yr “> 
“ e “0 - * ‘ 
oF ’ a. -68- : ia 
; va . = , . ke fe goat " ae 
te on honed . - oy 2 ne ai . 
2163" “CONFLICT SECTOR. Lo es Ge : ~ 
164K aa oe 
4165 > CON, K=CON, JDTHCCE. “IRRERs Heh ALO a 
1966 N'CON=ICON | be iy, Sy rr a. en 
,167 C ICON= Qs ae . oo ban : 
“468 x. ee 7 ot 
169 & CG.KLECE STUOCE CONES KEOFE i) HPRWSEAOy <2 LD¥SHAL re 
170..X #PULSE C2920 210)#5 WS2ESTEEC 2 » 20) ¥SWSS se ee P 
A7L. X: FRAME C2 120 )KSWS4 TS TEP (52 23) #9 WSSIXCLIMITAN 404 = 
172.0 CFNEGS «KsTARHE (TCFNES IS SFT y-4020 #4 09" 4.101 a 
173.7 LCENEGS=16 18241290. ete « > | aS, 
124° CLIMLT wk TAHL CTCLIAIT CON, icv 264801100 eat? Oe ig 
175 To TCLIMETH 1» 6S. 270 : vee | ee een 4, 
176 -O°SW6140 . oe Tue ee oe Oe o nae 
177.0 SW4220+ opie 26 te gee OO" a ay ae 
178 C SU63=@., oe Ee -e a a ee o 4 
179 .C SW6A=0 ee a re ee aay 4 
180.0 SWé 5580 ea _ oe Se Fo we at mie: 
wl8t C STUOC=2 ° |. pe eg ; , we Seer: Bee 
162 A CFI.K= TOBHL CECPMmEOLN Re 151142) 4.1.18 5 : ' 
183 T TCFL#O0r1+2y4y 816 0+ 12a - «3 7 ‘ 
184°A CIR SKERIAK/ETIAOR 4; PGs 37g : 
185 A RIQsN#SMOOTHC IPP. IK rd Bo 4 i, vy a 
186 N RLASSTUOT Ls . Soa “ ; 
187 AL TTA.K= SHOOTH LPF Ih 109 a 4, 3621 oe 
168 N LTIABSTUQI -. - * 8 . _ 4 
189. * 3 oo —" 
“190 K CR KL “(Q0by K/ERAT. KD RIELAYL CECROL Ky DIPKUSECOy 2st? i 
191 X% tPOLSECSLI0> 1071) SSU7ZESTER KOZ 9 2OVHSWTS : fet le 
A92°X 4 RAMP CL 61975) XSW74 4k ee ; a. . - ees 
193 C SW2ieOl 6.5 fe 28” & ee : Be 
194.G GW7270 tt, “gt a ian . ; 
Chg SWS 0 Oe ee a! ae 7 . 
SW74 4 Ke “CLEP COrOv TINE. Kod 980) - £0 ae S a 7 
We ECKQL .K=TARHL CTECKOL s LRN 10% FOrd) > 4. Bad a Ee ee 
"T-TEGROUSOy de Aa Sy 22. Se 26S Ser 2e FP Br 2ePFR ae - 
: CRAT. K=TARHL CTCRAT CON. Kr 14007 20). (49262 | a, le, ig ee 
200 T, TGRAT= SiS nS dy 2 ee : i. 4 Se dae a A a. ee eS 
gor we 7 2. wm ee >» 2 ’ . oe = a ue : ee .- es, 2 
a6 ; rac ty et Se 
eae i a oe a sore eee 
- "lee a = , . c E 2 ees 2 ~ ; " ; _ = ; ’ : 
- F \: : . ‘ ae na ‘ - ’ lg 
-_ ee: - : ae ‘ oe é 
: ‘ : ote AG te Mey te 
o 7 Sf igs te 
* "e ahd ie o 
ae : ie, 4 ‘ - ” 
ee : 7 % . : : ‘ a ‘ 
. & : * 
he . = ws - © - § : = te oe Z 
; : e 7 “4 ie = #y ° ~ 
Qo. - : ge WS E ‘ gh. 


: ae * - 

ba 4 . _F. Py si ; ; 
° ; me ~ “3 oh ant 8 
—. «9: Ege tiie ot 

: rigor * 

fey : = 2 od 
LULL B® « ron 

yi 20R F- mg — 
wean OS _ — 

i 04. Lo PPN.K= PPN ADT (RIPEN, JK- RUFFN. JK) 5.0 oo, | 
“05 ,N’ PPN=TPPN oo. ° , 
“206 Cc. TEPN=10 | | zs rn ee Oe ewe Sa 

"207°, ' ee Oe le gw 
208 K RIPEN, KL DELAYS (RIPNEP Ky 204 (ELAY CRIPMLN. K 12) KEPNOLE, Ky os “a oR.” 

- 209 X +TELAYL CREPNCN Ry 4) 4PKNSE (Oy Sy 1) 4SWB81 - ON e : re 
“210.X PULSE (207050) ¥SUS2ESTER(. 2489 2OIXSHBS a ae 
“BAL X +hAME C29 1975) XSW84 KE STEP (~ «2A y 30) #8 WES DRPNILMT oK., Sel. : 

FRITZ. C SWEL=O - ; * 

243 C SWEzM%O- i 3 Z ie, 
214 C SY83=0 : . 

(215 A SWO4.K= CLIP COMO rFPN, Kr30). . hg 
21@C Suagi=o - 2 e.- 
217 A RIFNEP. R= TABHL (TRIPNEF y § SLIEWEN « K2aso, 10) » .Srdat 
‘218° T TREENEP=O9193y 29170. ; : oo 
219 A SDEPEN.K=LOL.K-FEN.K -5.1.2 - 

220 A. RIPMUN. We “TABHL (TRERNLN + » STILNEN, Kr0r60r10) 5.1.3 ae 9 
221° 7 TRIPWLN@Or. Selo Le tiv ea? 593 —_ , 

22 A EFNOIE. Ke TABHL (TEPNOLE 9 LE. K/NLE 9021091) ,. Me ts4: ian F 
TEPNOLE=O97 Let air2n2s Sy 2.57 2.692.792 2682973 He tact ' 
STLNEN. RePLN R-PPAL IN 1S gs no S > 
ORTPNOM, ee Ky Or 60710) 5.1.64,  ¥ 

RIFHEN=09 25 0659s 7Pvded Ql) . 3 an © 
PUCNEN.KEPON.K=FEN KO & cae a é ® ; “4 


ST 
A 
‘7 


Fis Sete aA ae aaa nie carer 


ILM. Re TABHL CTENILMT PEN, ‘Kr 8074.90 15) SelyQ Bo oe 
TRNILMT= 19 Besa s1y0 tee ne BD bad. ay! t ee 


RF it Kl (DEL. AYA CREE NEF ek 2) 40E LAY ( FeLi NLN Ny 2 DxEF Nal. el 
“NEL AY CRIES NCT. Ky A FPKNGER O46 29 1) KS SW4 114 PULSE (20920 FIO) a a 
KSW4L24STEF C2248 5 2OISSUALSERAME ©, 0001 geo SUE EO TE a AQ «2 Se e & 


a ie NT Ke 7 ae | < 
SW LY: ta gt i Sa ee ak ‘ae ae +. . % a Marg 
UAL? =0 wn ee OO. are OS At ee ee a . ae 

SU4LSO | % 7 wi 
BWAL4=O i “ae ce ye, 


SW4Ls iQ 

“RIFNEP A TARH lL. CTATIPNERS YS BEEN Wy - 5Oy Oy 10) > 
TRI NEP y 209d y 2 fee ao aga ‘ 
RIENEN IK TABHL CTRID ‘NL. nS NEN. ‘Ky “40 70¥10) 


ae. 


rw) : 2 . a o 
STREPNLN& 392059291 Sede. Sd: i 
RIE RCN. Ko TABHLACTRIFNCN » SLICNEN Ky-6070 10) 2. S208 
TRUPNCN=1 ir 225719759 Sr ePGVO ee a2, ‘ 
PNIALMT © K=TARML. (TENDLM Ts BEN» NrOr10rd) > 5. 2u4 : 4 é 
TENDLMT= ia es oe 2 oa . we 
f Q,. . Fi p ' % % 4 
, > - ' | 
ae 5, at = a & * 4 
- a -_ PA ‘ 
¥ 7 ¥ @ . ° 
° i “ oi ¥ “ *. 
ee © : “gy ca : 
: soe & Oe aw .o 
See wh ae Paes "ae @ 


wk 3 ia A -70- , # 
‘e a , ; h ” = 
en eee : 4 oo = 
. Pe . bi . : ° ny  & ; ? 

‘ ; S . %, : ‘4 . 7. 
245K + a \ ; f. % ats ee Y 
249 x LEADER. NORMS SECTOR —_ es : 

250 x ; oe : 
- 251 L FUN. KSFLN, SFDTX CRIPLN ¢ “IK RUPLN. J B40 
252 N FLN©IPLN, Pa : 
o353 IPLN= 10 a 
eos4 ee 
F555 -RoRIFLN, KL (DELAY #(RILNEP, Kr2)+DELAY1 (RILMPN, Kr2)%-- ae 
2A DEL Ava CRT, NCN+ Kr) +P RNSE (Ov. 221) - “y 
“257-% XSUIL+PULSE (PLN. Ky 10950) kKSW924S TER (Maes 207%SU93 m= & 
258 X +RANF (271975 )4*3W94 KESTER (~. 2487 25) ¥SU9S S)KELNLMT«K 5 601° 
259 A GLNLMT: Ke TARHL-CTILNLMT » PLN 180710015).  Oeded 
260 1 ENE eb Bie Ay e190 ae 
261 © SW91=0" eee i ig 
262 C SW92=0° °F 2 ¢ ee 
263 CSW93=0 °° mel . . - | ‘ 
264 & SU94.K= =CLTPAOLOnPLN. Ky309- gp w -4 
265 € SUQ5=O =; me : ee 
266A RILNEP shATABHL CTRILNEP s SUEPLN ‘K 7089» 10) 6.1.2 : ) 
267 T TRILNEFZO v1 939291490 ‘ 
268 A SHECLNGRSLOLSR-PLOGK O°. 651.2 > a ee 
269. A. RIPNEN, K=TAPHL'CTRILNEN +SEPNLN. K 10150910) . Gite Sw; 
2@O..1 YRILNEN= Obl Psy 2190 2° @:.° @, — 
27IL A SHENEN. REPENS K-FUN.K 66104 © ~. $e 
272 8 FALNCN «k= TAEHL CTRIENCN? SLGNILN. Ky Os 100710, 6.1.5 
273-7: TRIENCN® ‘Ov Sy 109157201307 40 9604807907100, — 7 
274 f SIICNLN, KePCNORSPLNGN #6 od, é . 
275k: - — 
276 RK ROFLN, KLS (DELAY (RILNEF «K/2)41ELAY4 (RDLNEN. Kya). 2 oa 
277 X +NELAYI CRELNCNs Kr 1) +P KNSE (Oy 6 2yd ) XSW2L IL 
278 X PULSE CRLN. Ky 10.250) XSW21 24RAMPC.O001420) 
279 X ASUQTAFSTER (6248720) 4GU21 54S TEP (42 eag125) . 
«280 X *SW215) XD. NRMTOK. 642: . Pi 
281 A RULNEP. K= TOBHL (TROULNEF S$ SnePLN. K¥=50r0910), (bed “ge. 
282 T TROLNEP#094y 2934170 aa a a 
283. A gill NPN, Kes TABHL (TRILNENy SDFNILN Ky - 5070110). . 6.2.2- ) 
284 T TROLNEPN&OrlyQrSylrQ@ en 
(285.4 ROLNCNs KETABHL (TROLNCN» SICNLN. Kr-10070710) - Ko : 
B86 TTRELNCN=100190730160140 930920 s15 dO 310 
°287 A UILNLMT«KETABHLCTOLNLMTYPLNGNyOrdOrt) | 6.244 : 
288 V- TOLNLMT= Or sda aks Beads Serb +72 Br Grd - 
289 C SW211=0- : 
(290 C SU21280 | - nr) ne are a a ee . aa 
291 G GW213< Puss © iy eg .'é ; 
292 C SU214E® © eS ~ ". 4 ry ae 
293 C GW21550) | > = at 
CU ey  e. te = os 
, , ee oer Ss a 
* * a ~ \ : y 3 
‘ fe 
: 4. best tot. Lo . oy! 7 
. t fy gt : ‘ 3 ; x 
/ q ~ : rot 
= : * 4 84 , 
et ig ek Oe os me | 


Wu 
eee 
e > 
Da 


a 


od 
| al 
ee 


ct 


. 
NEC: A DEL AYE CRECREE «165. 4) 4DEL AYTCREONPN: VS 4TELAY 1 

(ROCKLIN Ny 265) XECNOLIZ TPRENGE (O nea 1) ¥SUSOL FPULGEX 207204 
50) 


on 
Swe, 


" te 


30) *SU! OS) KCNTIL. Mere KR” sa “ 


SW a. # ‘ (ee ae a : ° 
SUS OREO. : . . Gas, wt # #28, 
SWUGO K=CLIF (01 09 PCN; ik 20. - oo . . _ = 
SWSO%= “0 ’ 2 ; 
RIGNER S k= TARHL (TRUCNEF) SDEPEN. K1-501010) ya WeBed 
TRICNEP=Ors Lye 2reSred rd, nO ; < 
RDGgE NER TABHL CTRIICNPN sy SIIENCN, K 15070710) Peak 
TRIAENEN 309 OS ody Sy Ofiv0 . ' , 2 4 ae 
RLIGNLN = TALHL-CTRICNLN » SIHLNCN. Kr~8Ox0710) + PO 8 ; . 
TROQNLNeD ye dye Bre Bred | . 
Cue MT «he TABHL, GTCNTILMT 9 FCN « KyOrtOrd). 7.204 : 
TCNELMT® i Bede S02 es Pa , ~ Be 
’ t vu , 
. : : &- . t : 
n \, Pl s 
4 -_ oe = | ¢ 
: . ' : a ° o, 
Sy : ¢ : 
2 tg 7 nO L \ 
s of i ; . e 
co . -S q ae ° 


. % ff. oy 
{ ;, . -71- = eS ‘ oe ; - 
“ ; : . 
® : 2 = 
COMMUNITY NORMS SECTOR - oc ae en 
PON. KSPCN JHDTA (RIPEN. JRFRDBCN. WO. FeO ea Pe Ae a 
FCN=IPCN 7 : <= - Add. ee Be SS er 
TFCN*10 - JF ee ee et ee = 
. ve . ‘% ; are . F oe 
‘RIPON. KL= (DELAYARRICHEP « Ky 4) 40EL AY LAT CNP, yo) = = See es 
SDELAYL CRICNL teho-2: 5) XECHOLES KAPENSE GQ ys 271) xSW101, aS es 
+PUL SE (207 207 1B 3 HSWLOZTSTEP (. 246720) ¥4U103 - 
RAMP (4271975) MEHL OA, KHROMP («O17 20 KS W1i0S VK #CNILMT. K ik. 5 
SUL0RRO ae i a 
SW102=0 en m ae. oh wl 4 a 
SWLOS#O) eA — eA oO Pee Ed 
QU104.K=CLIF (Qs OrPCNs Kr 30) .* ae ek 
SWLOS.KeCIF COrOxPON«KyLO) | a a a) . 
RICNEF .N=TABHL (TRICNE RY SLERON s Kr 07899183 ' 
TRICNEF#Ovsdys 373 290170 - rr i A co i 
SHEFCNKSLOI.K-FONSK 7. de2ie i ee * 
RICNFH. KS TABHL (TRICNF ND £ TENON: K 109507109. 
TRICNON@ 076 054.157 610.0570 -, Soe ah 
SDIPNON e=P RM. KEPON i - "F104 e. Bge @ a hy’ 
RICNLN.K=TABHL (TRECNENY SIILNCN. co r50080) ae 
TRICNLN= ‘OvelysSve2vel xO 9° 4 , 
SOLNCNOREPLNGKePONGK oo Feded “4 ie \ 
‘CNTLMT «K=TABHL (TONTLMTs PCN, Ky 80140015)" Fags * 
TONILMT= 19 fy 44420 5 
ECHiNd? “= TADHL CTECNOLE » LE SKANLE sO 209 2 ut Fehe8 a 27 
TECHNOL Orbs LBS 9151 My d, 7GvlsBrt. ert. Pad RG ye : NAL, 


O24 STEP C 62 20) KSUSOS+RAME C. OLFO) REWSOM Keer - 


ie -72- oo 
s 1 eae 
Fe 2 
wth BR - : , 2 ee aa a ; oe . 
. 342 *" -EXTERNAL FUNDS SECTOR * 7 0 ¢. care: , 
343k: ae ar Kao : a 
6344 L EF ek= -eF THOME er 8.0° © Le pe ES ee 1 & 
345 N FF=IEF + a. 7 rr re ra _ 3 
246 C IEF=10 | - a ; ke . = a 
+ 3A7e x : ; y= art co ? 
348-K CHEF. KL “STUOEFK(EEFOL. KHEFLOI. KEELING. K)-CEF, /K/EFIIT) es 
BAD X “FERNGE (Or 25.1) XSWLLLFPULSE (20120710) 5 ee 3 a 
- BO X KGSULIZESTER (10720) %SW113 eS ! _? a 
351 X thAME CS$19759 XBWh1 4. ESTER (29 40) XSW115 a: 


952 X +RAME CE 0001 122) KS WII6+RAMF (460001927) ¥*8W117 


353 X s4STEF (-2950) ¥SWLIGESTEF (-27 60) ¥SW119FSTEF (E24 703" e ‘ 
- 354 X #SU1 2049 TES (2780) xSUL 24 fe.1-. » & e . 
“355.0 SWiti=0 | Bb. fg ss Mae 
356. C BWIL280 : os i ‘ ve +: yg a 
357 G 9W113=0 ; gy. Me OX 
_ 3584 eur. Ke CLIP (0 Or TIMI)» #980) é aoe Abe . @ 
399 QO SUIS . re ‘ aa 
360 C SWI 6 0: _ ee o s ” 
361 C SWLI7=0 84 @ - /? mae aN 3 
362 L.G9W1IB=0 7 . > 2 Bee.  & 
363 C CWLI9RO | an = oe 
364 C SWwL20=0 © s 8 e 4 a °’ 
36S C SW12 10, z 4 
346 A FEFOT.K= STARHL ( enroP cg. Kin Be1.4 
, 367 T TERFOT=0%.25%. seta dye. - oe - 
368 CUEPLT=2 — is, a 
369 A EFLOT. Ke “TAH, CTEFL QT DT Kp 8g 103 8.4.2 . 
BOLO oh TERR Lots Oy OUR Sy ee Se ee 7591 7 
371 A EFLINK. Ke TGBHL CTEFLINK y LINK + Kr 09'1007 10) 8.1.3 ; 
372: T Th. fr LINKS My ey 1p Gy des ts 7x2 tabi sar a . . 2 ' 
373 C STUOLg de ; es i. May 
Se ce A ng te, 
375 ‘ LINKAGE SECTOR © car a ce ae ee re 
376 ‘x a ee ee - Ee? 
377 Lo LINK. KALINK  JHDTECLINKG SJK=LINKD. JR) “9.0 FC a a 
378 N LINKS TLINK Ee & Sy a ae ee: 
379 CC TLINK# LO. ie a : . . ee 
380 %\_ a 4 
381 DINKG. KL= C.GERATX CELNKLES KAELNE TREE ite KY, 7" —_ 
382 K PKNGECOy 69 12XSW6014FULSE (2 Or 207 LOEGAISOD+ ee 
“383 X STET (20 920) XSWGO03+4EME C5 9 £9755 ¥SW6O4.KIKLNKLMTOK 2 Oed te Ot 
384 C LGPRACH2.5 ede oe -d ee 
2) 385 A ELNKLES R= TABHL CTELNKLE SLE yk y¥ 070) 10) « “ieee. se ee 
386 T TELNKLE 634911591 S5rli Grd eS ® “g 
_ 387 A ELNKI. KETABHL-CTELNKT yLOL. K 101609108 " Be4te2 | 
‘383-7 KELNKI=. 339161591635 y1eGet yy2° : “ ace - vie 
389 A ELNNIM. N= TABHLCTELNRIM@CIR Ne doSiydd 9.143 8 or 
390 T TELNKIM! 339 6Se tele 7893 ae Be 4 nae ace 
391.08 dMKLIT «K=TARIL CTRNKLMT? LINK 1807 10095) 91d | os oe 
392 WOTLNKLMT= Tr sBrAretnOQ om | ce 
393 © SU6O120 2. 0 re eo . - ty q° 
394 © SU602=0 is ae ee £ - a 
395 © SU603=0 7 -? = ee ee ee 
396 Ar. SWs04, K= CLIP (Oy Oy TIME. Ky 1980) Se 2 6 ee 
397 x | gee — 
Oo LINKED, KLek INK « K/LKUTS Go gt -_ 
ERIC: @ Cxnt= =A \ oe Ok ee eee 


CeO © ; = @ * 3 " “ 


oe 3 | [2 TBE: 
YS a ne SIMULATEON CONTROL. CARDS | es 2 =... 
402 x | 


403 PRINT. LOI, IPF »DPP LE» SFZ®CON’ FPN» PLN PCN EF sLINK 
404 PLOT LOI=XrPPN=F-2 PLN=L yPCN=C(01190)/ - 
AOS, X EF=F(011002/LINK=Y(0r100) | - 
Snot x LEE (0#168)/CONNZ (0s 100)/8F 1- =8(- -10071009/ 
A407 SFEC JT + 25 PRTE R= OgPLTFER= 
408 N TIME=TIMEI ¥ 


“<A09-C TIMEL=1970 °° 
440° C TLENGTH= 2020 : 
x60 ; . 7 ee 
~ ; 
. ‘ as 
«~ 
. . ee ; 
, Le 
’ : * +h e 
a: 7 
ames ai 
' ' oy ‘ 
Sy 
oe, 
) 


